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THE GENERALIZATION OF ATTITUDE CHANGE 
WITHIN A SERIAL STRUCTURE 


HELEN PEAK, H. WILLIAM MORRISON, anp R. P. QUINN! 


University of Michigan 


This study is one of a series devoted 
to exploring the generalization of 
change in attitude or affective re- 
sponses within different psychological 
structures. It has often been as- 
sumed that antecedent—consequent 
patterns, such as are characteristic 
of a serial structure, are involved 
in so-called secondary or mediated 
generalization, and one of the un- 
settled issues about mediated generali- 
zation is the question of the relative 
importance of factors operating at the 
time of response training and at 
the time of testing for generalization 
(Razran, 1949). 

If every act depends on the com- 
bined effects of a _ specific input 
pattern (from external and internal 
sources) activating an existing struc- 
ture, then the response made to any 

1 This investigation was carried out under 
a Contract between the Office of Naval 
Research and the University of Michigan, 
Project Nonr 1224(10)NR171-039. The 
senior author was in residence at the Center 
for Advanced Study in the Behavioral 
Sciences and the second author was a Public 
Health Service Research Fellow of the Na- 
tional Institute of Mental Health when the 
article was written. Margaret Clay and Vera 
Schlesinger helped in the collection of part of 
the data. 


stimulus being tested for generaliza- 
tion will be influenced by these factors. 
Consequently, anything which at the 
time of response training alters the 
psychological structure of which the 
stimulus-to-be-tested is a part will 
influence the appearance of generaliza- 
tion. Likewise any alteration in the 
total input to that structure at the 
time of testing may alter the prob- 
ability of the occurrence of a particular 
generalized response. 

Thus if a stimulus which is part of a 
previously learned serial structure is 
presented and paired with a response, 
it is likely to elicit with some fre- 
quency each other “‘stimulus’”’ which 
has been learned as part of the same 
series. As a consequence, the re- 
sponse following the stimulus-in-train- 
ing will become associated with the 
other stimuli as well. An alteration 
in associative structure will have 
occurred as a result of response train- 
ing and generalization will be affected 
in the manner to be _ explained. 
Moreover, when a test stimulus which 
is part of such a serial structure is 
presented for rating, the event which 
is most likely to be activated is the 
forward associate of the test stimulus. 
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It will be suggested that this and 
other events interact to determine the 
result at the time of for 
generalization. 

In the experiment reported here a 
serial structure was established by 
rote learning of 12 nonsense syllables 
during relations training. After com- 
pletion of this phase of training the 
seventh stimulus in the series (S;) 
was associated with shock during 
response training. At the beginning 
and end of the experiment Ss rated 
syllables S, through S;9 on scales so 
that change in the judged affect of 
the trained stimulus (S;) and six 
test stimuli could be measured. Ina 
Paired-Associates Control (PA) con- 
dition, instead of learning the serial 
list, Ss learned the same syllables as 
responses to numbers; other pro- 
cedures were the same as in the serial 
condition. 


testing 


THEORY AND HYPOTHESES 


The serial structure.—In the present experi- 
ment generalization of response based on 
processes occurring either during response 
training or during tests for generalization 
depends on the nature of the serial structure. 
It is well known that this structure is not a 
simple sequence of related units but rather a 
complex of backward and forward associa- 
tions of different degrees of remoteness 


Fic. 1. Activation of units in a serial 
structure when one stimulus in the mth posi- 
tion is presented. Subscripted p indicates 
the probability of activation of units in each 
list position at a specified number of steps 
Irom n. 
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Fic. 2. Probability of activation of units 
in a serial structure when the mth stimulus 
is presented (estimated from Raskin and 
Cook, 1937). 


Whenever some stimulus (S,) within the 
series is presented, it is assumed that an 
implicit event (rs) is always elicited. It 
is further assumed that following the elicita- 
tion of r., there is some probability of the 
elicitation of each other unit in the series 
(rs1 tO Ts,12). These events are represented 
in Fig. 1, which omits activation of r,’s from 
sources other than ren. The probabilities 
of the activation of these events forward 
and backward from some one point in a series 
may be approximated from the Raskin and 
Cook study (1937), which reports the fre- 
quencies with which serially associated non- 
sense syllables in various list positions were 
given as associates to syllables in other posi- 
tions. Figure 2 represents the relative fre- 
quency of response observed at various list 
positions relative to the position of the 
stimulus syllable* In the PA Control 


2 This study has been criticized because 
of methodological imperfections (Bugelski, 
1950). It should be noted, however, that for 
our purposes the fact that the same nonsense 
syllable was always used in the same serial 
position does not raise the problems to which 
Bugelski refers. Every stimulus but the last 
was the point of origin for a one-step forward 
associate and every stimulus but the first 
was the origin for a one-step backward 
associate, so the frequencies at a given posi- 
tion relative to the stimulus syllable were not 
dependent on responses to one stimulus. 
Moreover, their technique of asking for free 
associations to each syllable as a means of 
determining its probability of occurrence 
was a more appropriate method for ascer- 
taining the relative frequencies of response 
than the Bugelski method of counting intru- 
sions in the course of learning by the anticipa- 
tion method. 
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Fic. 3. The association of serial units 
with the affective response to shock (ra sn) 
when S; (S,) is presented. A solid line 
indicates a previously learned association. 
4 broken line indicates the formation of a 
new association at the time of response train- 
ing. The contiguous occurrence of any r, and 
rash results in learning an affective response 
to that rz. 


condition, on the other hand, it is assumed 
that such relations between nonsense syllables 
are weak and equal in strength. 

Effects of response training.—From the 
results described above, it may be inferred 
that when S; is presented and followed by 
shock, each other unit of the serial structure 
has some probability of elicitation and of 
being associated with shock. This proba- 
bility depends on the list position of a given 
unit relative to S;. Although never pre- 
sented during response training, these im- 
plicit “stimulus” events as well as the trained 
stimulus will be contiguous with the negative 
affective reaction (r,s) elicited by the shock. 
The frequency of association of each unit 
with rash is one determinant of the affective 
judgment of that stimulus when later tested 
for generalization. Figure 3 represents the 
association of serial units with shock during 
training and the strength of negative affective 
response to each unit at the end of response 
training. 

We have made a straightforward use of 
the Raskin and Cook data in estimating the 
relative strength of affective responses to each 
serial unit, assuming that relative response 
strength is a bilinear function of (a) relative 
frequency of elicitation of a given unit by 
S; and its consequent association with shock, 
and (6) the amount of change in the affective 
response to the trained stimulus as the result 
of pairing with shock. The results of such 
estimates are presented in Fig. 4. Three 
levels of trained change are illustrated. In 
a maximum change group, change in S; is 


given the arbitrary value of —1.00; also 
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illustrated is a moderate change group with 
S; change represented as 50% of S; maximum 
(i.e., —0.5) and a minimum change group 
with S; equal to 25% of S; maximum (i.e., 
—0.25). Obviously, for different Ss change 
in S; may be any proportion of the maximum 
change value for S;._ In order to estimate the 
relative affective reaction to stimuli in each 
serial position in groups with S; change 100, 
50, and 25% of S; maximum change, we have 
multiplied such values of S; by the proba- 
bility of elicitation of any r., by S; taken 
from Fig. 2. Because of the shape of the 
curve in Fig. 2, the affective reaction to Sz, 
the forward associate of the trained stimulus, 
is more negative than that to any other 
untrained stimulus and there is a gradient 
falling off in both directions from S;.* 

On the basis of this analysis Hypotheses 
1 and 2 were proposed: 

1. The amount of negative change in the 
rating of Ss decreases with decrease in the 
amount of negative change in S;. 

2. When the rating of S; changes most 
negatively, the rating of Ss changes (a) more 
negatively than ratings of untrained stimuli 
in the PA Control condition, and (6b) more 
negatively than ratings of syllables at all 
other serial positions except Sy. 

Consideration of processes occurring at 
the time of testing do not affect the above 
predictions about generalization of response 
to Ss (see below). 

Effects at the time of test for generalization.— 
After one-third of the cases had been run it 
became apparent that our predictions were 
being fulfilled in that change in the rating of 
Ss was more negative than that of other 
syllables in the list and more negative than 
PA Controls. However, it was also clear 
that the change in rating of Ss did not con- 
form to the prediction made on the basis of 
events during response training; namely that 
change in the rating of Ss would be negative 
though not as negative as Sg (see Fig. 4). 
Nor was the result the one which should 
have been predicted by Razran (1949) or by 
other proponents of a mediation theory 
(Osgood, 1953); presumably they would 
predict that the stimulus antecedent to a 
trained stimulus in a serial list would produce 
the most negative generalized response 
Compared with appropriate controls the 
rating of Ss changed positively in the group 
which showed maximum negative change in 
S;. There was a less striking tendency for 


3 There is a question about the probabilities 
of arousal of syllables at the ends of the seria! 
list but these are not involved here. 
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Fic. 4. Relative strength of implicit af- 
fective response to stimuli in different serial 
positions at three levels of change in response 
to the trained stimulus. 


the rating of S, to change negatively with 
moderate negative change in the rating of Sy. 

About the time that these results were 
obtained, Mink (1957) reported an experi- 
ment and a theory suggesting that the ap- 
pearance of a generalized response is deter- 
mined in part by the interaction between 
events occurring at the time of testing. Using 
paired word stimuli with much stronger 
associative strength from the first to a second 
word than in the reverse direction, he ob- 
served generalization of a voluntary finger 
response from the first to the second word, 
and compared this with generalization when 
the response was associated with the second 
word. The former arrangement yielded 
significantly more generalization. In the 
latter arrangement Mink attributed the 
absence of generalization in the direction 
of the trained response to S’s opportunity 
to compare the (first) test stimulus with the 
implicitly elicited trained ‘‘stimulus.”” Mink 
suggested that when S compared the tested 
and trained words he would realize that they 
were different and therefore would not 
respond to the test stimulus even though 
there was some tendency to do so. 

One of us had previously elaborated a 
theory of activation within various kinds of 
structures which developed the notion that 
the occurrence of assimilation and contrast 
is a function of the psychological distance 
between two events,‘ and it became apparent 


*This theory was discussed at the ONR 
Symposium at Harvard in March 1957. A 
revision of the paper presented at that time 
appeared in Tagiuri and Petrullo (Peak, 
1958a). The theory is developed further 
in Peak (1958b). 


at this point that the behavior of S, might be 
accounted for by contrast and assimilation 
effects between the complex of events elicited 
at the time of testing for generalization. The 
theory explained below shares with Mink’s 
the notion that generalization is a function 
of events occurring at the time of testing 
and at the time of response training. It 
goes beyond Mink’s formulation chiefly in 
stating more explicitly some of the conditions 
and consequences of such interactions be- 
tween elicited events. 

It is assumed that in our experiment the 
evaluative rating given to any syllable will 
be the result of the interaction of the various 
tendencies to make affective responses of 
some sign and intensity to the test syllable 
and to the other events activated on such an 
occasion. Again the properties of a serial 
structure are critical, for when a stimulus 
is presented for rating, the probability of 
elicitation of other serial units (and hence 
of their affective response tendencies) is 
determined as in Fig. 2. It should be noted 
that when S, is presented, rz n4:, its forward 
associate, has a much higher probability of 
elicitation than other units in the list. In 
deriving predictions from processes at time 
of testing for generalization we do not con- 
sider elicitation of list units other than 
Tsn41 and rs, by S,. Figure 5 illustrates this 
simplified schema of the situation at the time 
of testing. 

The test syllable, S,, elicits r., and its 
associated effective response (ran). At the 
same time the next serial list unit (rs 41) 
has a high probability of being elicited, and 
will itself produce an affective response 
(ranyi). The affective responses associated 
with each serial unit are those resulting from 
response training (see Fig. 4). The two levels 
of affective response (ran) and (fran41) to- 
gether with the input from the instructions 
to judge S,, will interact to determine the 
overt affective judgment. 

As already suggested, this judgment is 
assumed to be a function of the difference 
or distance between ran and franyi1. Where 
there is a smail absolute difference between 


INSTRUCTIONS TO RATE Sp 


y 
an JUDGED 
AFFECT 


Taner OF Sy 


—— 


fs nei 


Fic. 5. Events at Time 2 rating of 


stimulus (S,). 
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these values, assimilation will occur and the 
judged affect of S, is closer to that value 
corresponding to rang: than if rangi had not 
been elicited. At greater distances, contrast 
will result. In this case, the judged affect 
of S, will be reduced when ran < fa,ngi and 
increased if ran > fan4i1, compared with the 
situation where rans; is not elicited. Since 
the derivation of difference in affective 
responses for different list positions is relative, 
and since the absolute distances between 
events which result in assimilation or contrast 
are not known, predictions about these effects 
must be made in relative terms. 

Following this paradigm, Se as a test 
stimulus will elicit not only its own affective 
response (ras6) but also its forward associate 
(r..71) which in turn produces ra,7. Since the 
difference between r,,¢ and r,,; is greater than 
that for any other adjacent list positions 
(see Fig. 4), contrast is most likely to occur 
when S, is the test stimulus being rated. 
Furthermore, the more negative is raz, the 
more likely it is that this difference will 
become great enough to produce contrast, 
since the difference in level of ra7’s between 
trained change groups is greater than the 
corresponding difference in ra,¢’s (see Fig. 4). 
The effect of such contrast between ry. and 
ra,7 will be to make the judgment of S, more 
positive. 

Hypothesis 3 follows from these considera- 
tions: When negative change in affective 
rating of S; is greatest, the affective rating 
of Ss will change (a) more positively than 
untrained syllables in the PA Control condi- 
tion, (6) more positively than other syllables 
in the serial list, and (c) at the most negative 
level of trained change the rating of Sz will 
change more positively than the 
of Ss when there is less change in S;. 

Further consideration of the relations 
between rae and raz as raz becomes less 
negative suggests that when this difference 
decreases below the contrast level, negative 
change in the rating of S¢ will result, pro- 
ducing a more negative change in S. than in 
any other syllable except S; and Ss. This 
follows from the fact that S,, S; and any other 
syllables antecedent to S, will activate r,'s 
of smaller magnitude than does Sg, (see Fig. 4), 
so that even if one or the other of these r,'s 
is assimilated to its forward associate (viz., 
Ta,5 OF Tae) the judgment of S, or of Ss would 
not be as negative as would the judgment of 
Se which would assimilate to the more nega- 
tive faz. Likewise, syllables following Sg, will 
produce smaller r,’s than does Ss, for if 
assimilation occurs to the forward associate 
of either Sy or of Sj this will make the judg- 
ment of each still less negative. This leads to 


rating 
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Hypothesis 4: As change in negative affective 
rating of the trained stimulus decreases, 
change in the rating of S, will be (a) more 
negative than change in ratings of untrained 
syllables in the PA Control condition, and 
(b) more negative than change in any other 
stimuli in the serial list except S; and Ss. 

Considering the effects of events at the 
time of testing on Hypotheses 1 and 2, it is 
clear that as ra, becomes more negative, the 
distance between ras and rag, its forward 
associate, increases. This would lead to 
increased contrast or decreased assimilation 
depending on the distance. Since this would 
have the effect of making the judgment of S, 
still more negative, Hypotheses 1 and 2, 
which are concerned with the greater negative 
change in Ss when S; change is maximum, do 
not need modification. 

Finally, the possible influence of these 
interaction processes on the judgment of S; 
should be mentioned. Figure 4 indicates that 
as faz becomes more negative the difference 
between raz and r,s will be greater. This 
will increase the contrast between them, or 
decrease the assimilation which would make 
judgment of S; even more negative. It is 
clear, therefore, that judgments of S; would 
continue to reflect the greater negativity of 
ra,7 aS compared with other r,’s in spite of 
interaction of events at the time of rating. 


METHOD 
Subjects 
Random assignment of 175 undergraduate 
women was made to the following conditions: 
Serial (72 Ss), Paired-Associates Control (73), 
and Test—Retest Control (30). 


Design and Procedure 


Table 1 presents the major features of the 
design and procedure. The Ss in each of 
the three different experimental conditions 
performed the tasks represented in the table 
and described below. 

Affective ratings: Time 1.—All Ss rated 11 
stimuli (2 meaningful words and 9 nonsense 
syllables chosen to minimize the number of 
common letters) on 12 semantic differential 
scales (Osgood, Suci, & Tannenbaum, 1957). 
The stimuli rated were FOG, STEEL, FAM, VED, 
CEF (always rated in Positions 1, 2, 3, 5, and 
11, respectively, and ZUT, WIX, ROJ, YOF, 
BIP, and KAQ, whose rating positions varied 
within each group of six Ss so that each 
appeared equally often in each rating position. 
In the Test—Retest Control the rating posi- 
tions of all stimuli except FOG, STEEL, FAM, 
and CEF were randomized. 
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TABLE 1 


SUMMARY OF DESIGN AND PROCEDURE 





Experimental 


Time 1 | 
Groups 


Rating Relations Training 


Response 
Training 


Time 2 
Rating 


Analysis Groups: 
Amount of Change in S; 





Rate 11 


Serial learning 12 
stimuli 


syllables 


Rate 11 | Each of 12 syllables 
stimuli | learned as responses 
| to numbers 


Associates 
Control 








VED (S,) | Rate 11 
associated | stimuli 
with shock | 


Maximum change 
Moderate change 

Minimum change 
VED associ- | Rate 11 
ated with =| stimuli 
shock 





Maximum change 
Moderate change 
Minimum change 








Rate 11 
stimuli 


Test- 


No training 
Retest 





The descriptive terms which labeled the 
semantic differential scales were SMALL- 
LARGE, BAD—GOOD*, CALM—AGITATED, THICK— 
THIN, NICE-AWFUL*, FAST-SLOW, DIRTY— 
CLEAN*, STRONG-WEAK, PLEASANT—UNPLEAS- 
ANT*, DULL-SHARP, SAD—HAPPY*, AND HOT-— 
coLtp. The scales were in the above order 
on the page. Each continuous line extended 
the width of a 9-in. sheet of paper and the 
only subdivisions marked the positions of the 
descriptive terms (e.g., Very Good and Very 
Bad) which were placed 1.5 in. from each 
edge. Scores were determined by measuring 
the distance between the unfavorable end 
of the evaluative scales and the point checked 
to the nearest 4} in. Scores were summed over 
the five evaluative scales marked with an 
asterisk. 

The Ss were introduced to the rating task 
as a study of the ‘“‘variety of meanings and 
connotations which stimuli have for different 
people,” and were urged to work rapidly. 
Each stimulus was pronounced by S as it 
appeared in the aperture of a manually 
operated exposure apparatus. When ratings 
were completed, Ss were told that they would 
be asked to rate another group of stimuli 
later. 

Relations training: Serial condition.—This 
task was introduced as a test of speed and 
accuracy of learning and Ss were instructed 
in the use of the anticipation method. The 
Ss learned a practice list of six nonsense 
syllables to a criterion of three successive 
correct trials and then an experimental list 
of 12 nonsense syllables to the same criterion. 
A unit was presented on a memory drum 
every 1.5 sec. with an intertrial interval 
of approximately 6 sec. The serial position 
of untrained stimuli-to-be-tested for gen- 
eralized negative affect was varied system- 
atically among Positions 4 through 10. vED 


Interpolated tasks 


| Rate 11 | Used to determine 
| stimuli | regression and to cor- 
| rect change scores 

| 


was always in Position 7. When the task was 
completed Ss were told they would return to 
the list later to see how well they could re- 
member what they had learned. 

Relations training: PA Control.—The Ss 
in this group learned a practice list of six 
number—nonsense syllable pairs to three 
successive correct trials and then a list of 12 
number-syllable pairs which were: 23-wix, 
29-Bip, 37-yor, 43-puz, 51-NOL, 59-zuT, 67- 
VED, 71-DEH, 79-PAF, 83-GAN, and 91-KAQ. 
Each number appeared for 2 sec., followed 
by the paired number and syllable for 1 sec. 
The syllables were the same as those in the 
serial lists and each pair appeared an equal 
number of times in random order. 

The number of trials given to the pairs in 
the main experiment for each group of six 
PA Control Ss was equal to the median num- 
ber of trials to criterion for the preceding 
group of six serial Ss. This criterion was 
used in order to insure that the test syllables 
would be equally familiar to Serial and PA 
Controls as a result of approximately the 
same number of exposures to the syllables. 
These Serial and PA Control groups of six 
Ss were also matched on the order in which 
the syllables were rated at Time 1 and Time 2. 

Test—Retest Control.—The Ss in this group 
received neither relations nor response train- 
ing. After completing the first rating of syl- 
lables, another E administered the following 
tasks which required about an hour and a 
half, approximately the same amount of time 
devoted to relations and response training in 
the other groups: two parts of the Cooper- 
ative School and College Ability Tests of the 
Education Testing Service; the 100 stimulus 
words of the Kent-Rosanoff list to which Ss 
responded with free associations; a task re- 
quiring judgments of difference or similarity 
between pairs of meaningful words and pairs 
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of shapes; and a test involving the production 
of synonyms and antonyms of a list of words. 
After the tasks were completed, Ss made a 
second rating of the words and nonsense 
syllables (see below). 

Response training.—A_ single syllable 
(always VED) which had been included in 
relations training, and other nonlist stimuli 
were associated with shock in both the Serial 
and PA Control conditions 

Two telegraph keys were placed in front 
of S who was told to hold down the left key 
until a “word” was presented in the frame. 
When the “word”’ appeared she could either 
(a) continue to press the left key or (6) re- 
lease the key and press the right-hand key 
(using one hand). She was told that she 
would be paid for each correct response and 
that she might accumulate between $1.50 and 
$2.00 which she could keep. 

The E then explained that two kinds of 
stimuli would be presented. For punishment 
stimuli S received a shock regardless of what 
she did, but by pressing the right-hand key 
she could turn off the shock. However, in 
order to be paid on that trial she had to 
release the left key before the shock was turned 
on, approximately 1 sec. after the presenta- 
tion of the “‘word’’; the shock continued 
until S pressed the right-hand key. For 
nonpunishment stimuli S never received a 
shock but was paid only if she did not release 
the left key. 


Before training began 


the intensity of 
shock was adjusted to a level reported to be 


“painful."” The S was told that at any time 
she could request a reduction in the intensity 
of shock, but that the purposes of the experi- 
ment required that it be “a punishment.” 
During training, shock intensity was increased 
until EZ judged from S’s reactions that the 
shock was painful. At or before this point 
Ss often requested a decrease in shock, from 
which decreased level the program of gradual 
increases was resumed. Recognition of 
change in intensity was explained to S as 
resulting from “increased sensitivity.”” If 
she refused to be shocked or became upset 
the experiment was terminated. The shock 
was administered through a cuff fastened to 
S’s nonpreferred arm and was generated by a 
Phipps-Bird inductorium or by a Harvard 
Apparatus Company inductorium, No. 9358. 

All Ss included in the results received at 
least 84 response training trials, 42 of which 
were punishment trials. The order of syl- 
lables was random within each set of five or 
six trials. The syllable veD, always asso- 
ciated with shock, and CEF, never associated 
with shock, both occurred once within each 
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set of trials. Fourteen other syllables were 
presented, some followed by shock and some 
not. In addition to vep the following syl- 
lables were associated with shock: MEC, 
GUH, GIH, MUH, HES, MIG, NAH. In addition 
to cEF, the following were not related to 
shock during response training: LIH, HUC, 
HEG, NIH, CUH, NEH, GAH. If S responded 
correctly to both vED and CEF on five suc- 
cessive sets of trials, training was stopped. 
If S had not met this criterion within the 
first 84 trials the last four sets of trials were 
repeated until either (a) the above criterion 
was met; (b) VED and CEF were responded 
to correctly on four successive sets beginning 
with Trial 60, 85, or 109; or (c) 133 trials 
had been completed, whichever occurred first. 

Affective rating: Time 2.—In all conditions 
the same nonsense syllables which had been 
rated at Time 1 were presented in the same 
order, preceded by two different meaningful 
words. The Ss were told before the ratings 
that some words might be the same as those 
rated before but that most would be different. 
In Serial and PA Control conditions the 
shock cuff was left on S’s arm during these 
ratings and the inductorium continued to 
hum, but Time 1 and Time 2 rating condi- 
tions were the same in other respects. 

Reliability of ratings was determined by 
data from the test-retest group. When each 
S’s rating of each of the seven nonsense syl- 
lables was treated as an independent case, 
the correlation between Time 1 and Time 2 
ratings was .448. Since for 30 Ss there was a 
correlation of .516 between mean Time 1 
rating of seven syllables and mean Time 2 
rating, this estimate of individual syllable 
rating reliability was based to some extent 
on between-individual rather than between- 
stimulus variance. Therefore, in order to 
estimate individual syllable reliability, scores 
were normalized for each S within each time 
of rating, and the resulting correlation be- 
tween Time 1 and Time 2 z scores was .407. 
These reliabilities are lower than those 
usually reported for semantic differential 
ratings of meaningful stimuli. Both the use 
of nonsense material and of a continuous 
scale probably contributed to the lower 
reliability. Reliability was intentionally 
sacrificed since it was expected that memory 
of the ratings would be reduced with an 
unmarked scale. It was hoped that these 
procedures would result in increased sensi- 
tivity of the measure. 

Definition of trained change groups.—Since 
it was predicted that generalization would 
be a function of amount of change in S;, Serial 
and PA Control Ss were sorted in the follow- 
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ing manner: (a) those who did not change 
their rating of the trained stimulus or who 
changed it positively were not used in the 
major analyses; (b) three groups of approxi- 
mately equal size and differing in the amount 
of corrected negative trained change con- 
stituted the sample used unless otherwise 
indicated. These were designated as the 
maximum trained change, moderate trained 
change, and the minimum trained change 
groups (see Table 1). 


RESULTS 


Before proceeding to the tests of 
hypotheses two questions will be 
considered : 

1. How well were interfering vari- 
ables equated? 

2. Was the necessary condition 
for a test of generalization met; that 
is, did the rating of the trained stimu- 
lus become more negative following 
its association with shock? After 
these questions are answered, the 
hypotheses will be tested by three 
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types of analysis: (@) a comparison 
of change in affective ratings of 
stimuli three positions backward and 
forward from the trained stimulus 
in the Serial condition with mean 
change in ratings of untrained stimuli 
in the PA Control condition; (0) 
a comparison of change in ratings of 
test stimuli in each serial position 
with all other positions within the 
Serial condition ; and (c) a comparison 
of change in ratings of each test 
stimulus in a given serial position 
with a stimulus in a corresponding 
position at other levels of trained 
change. 


Equating Variables 


In order to increase the confidence 
with which results can be attributed 
to the experimental variables (experi- 
mental condition, serial position, and 


amount of change in the trained 


TABLE 2 


EQUATION OF VARIABLES 





Difference between Serial 
and PA Conditions at 
Each Serial Position 
within Trained 


Variable Change Groups 





Min. 


Mod. 


Mean Time 1 
rating of un- 
trained stimuli at 

each serial position 


Mean Time 1 
rating of trained 
stimulus 

Mean corrected 
change in trained 
stimulus 


| ns 





No. relation 
training trials 
No. response 

training trials 


Order of rating 





See text 


| 





means equated by experimental design. 


| Difference between Trained Change 
Groups at Corresponding 


| Max.-Mod. 


ns 


Difference between 
Serial Positions within 
d Serial Condition and 
< > 8s Ss . ~ ~ 
Serial Position Trained Change Group 


Max. | 


Max.-Min. | Mod.-Min. Mod. 


Min. 
SiS; | Ss-S7 

>0 >0 
P<.05 |P <.05 


ns 


>0 
P <.05 


Significant by selection 


Not tested 
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stimulus), it is necessary to deter- 
mine whether certain other variables 
were equated. Table 2 indicates five 
variables which were tested in order 
to determine whether they had signifi- 
cantly different values in the groups 
compared in the major analyses. 


Time 1 ratings of stimuli.—The principal 
dependent variable of the experiment was 
the change in attitude scores determined by 
subtracting the Time 1 evaluative rating 
of each nonsense syllable from the Time 2 
rating. It was immediately obvious that the 
uncorrected change score was influenced by 
the initial rating of a nonsense syllable. 
Those syllables which were initially positive 
were more likely to change in a negative 
direction, while the initially negative tended 
to become more positive at Time 2. The 
magnitude of this regression factor was 
estimated from the Test—Retest Control 
data which showed a correlation of —.507 
between initial ratings and uncorrected 
change scores. Using a regression equation 
based on this correlation, all initial ratings 
of each S were converted to expected change 
scores. The result of subtracting each ex- 
pected change score from the uncorrected 
change score was designated the corrected 
change score, with a negative score meaning 
that S changed her rating of the syllable 
more unfavorably than would have been 
predicted from knowing her initial rating. 
All change scores have been reported in this 
form unless otherwise indicated. 

But differences in Time 1 scores might 
have other effects on attitude change which 
were not eliminated by the correction de- 
scribed. It is of importance, therefore, to 
examine the extent to which Time 1 ratings 
were equated. Row 1 of Table 2 shows that 
only two of the comparisons for untrained 
stimuli were significant; namely, the com- 
parison of S, and S; in maximum change 
group and Sg and S; in moderate change group. 
In Row 2 (trained stimuli) one was signifi- 
cant; the Time 1 rating of S; in the maximum 
change group was less positive than the Time 
1 rating of S; in the moderate change group. 
One set of comparisons omitted from the 
Table also revealed a significant Time 1 
difference: that between the rating of S; 
maximum and S; moderate under PA Control 
conditions. In other words, only four out 
of 108 comparisons involving Time 1 ratings 
of syllables in different serial positions, in 
different experimental conditions and at 
different levels of trained change were sig- 
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nificant. Comment will be made in the 
discussion section on the possible relation 
of one of these significant differences to 
certain results. 

Number of relations training trials.—For 
comparisons between serial positions within 
a trained change group the number of trials 
was necessarily the same. There were no 
significant differences between Serial and PA 
Control conditions within any level of trained 
change or between levels of trained change 
(see Row 4, Table 2). 

Number of response training trials.—Row 5 
of Table 2 shows that this variable was also 
equated in all the comparisons made. 

Average rating order of stimuli.—Since the 
order of rating stimuli may influence judg- 
ments, it is important that this factor be 
equated for stimuli in different serial posi- 
tions, in groups with different amounts of 
trained change and in Serial and PA Control 
groups. Because the number of cases within 
each cell was not large enough to make a 
satisfactory test of the difference in the 
distribution of rating positions for each 
condition, it has been necessary to determine 
whether the findings were changed when 
rating order was held constant. These 
analyses are presented later. 


Change in Response to the Trained 
Stimulus 


The total sample was used to test 
whether ratings of S;, the stimulus 
associated with shock, became more 
negative. In both Serial and PA 
Control conditions the mean corrected 
change score of the trained stimulus 
was significantly more negative than 
was the mean corrected change score 
for the untrained stimuli. In the 
Serial condition all six comparisons 
had Ps < .05. In the PA Control 
condition the difference between the 
mean change in S; and the mean of 
individual average change scores of 
the six untrained stimuli was significant 
at the .001 level. 

As already explained, it was ex- 
pected that the amount of generalized 
attitude change would be a function 
of the amount of change in S; and the 
effects of serial position have been 
analyzed with change in S; held con- 
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TABLE 3 





GENERALIZED CHANGE IN AFFECTIVE RESPONSES 








Corrected Change Score for Trained Syllable 





Condition 


| Minimum 





Se 

S; (Trained) 
Ss 

So 

Sie 





PA Control 
Untrained 
Trained 





N = SD 


Moderate | Maximum 





| 
N | Mean| SD | Diff.* 


| Diff.» 


04 

0.2 
13.8*** 

—5.0 


mo oo 
wnrdeKnwuts 

| tole Go 

| OmOn Om 


| Semcon 
= 


| 


S| 3.2) 7.1} 
15 | 25.0) 


® Algebraic difference between Serial and PA Control; Untrained Serial compared with Untrained PA Con- 
trol average, and Trained Serial compared with Trained PA Control. 
Pr <& we 


<.l 
*P < 02. 
oP < 01. 


stant at different levels (see Table 1). 
At none of the three levels of change 
in S; was there a significant difference 
between Serial and PA Control in the 
amount of change in the trained 
stimulus (Table 2, Row 3). 


Generalization as a Function of Posi- 
tion within a Serial Structure 


Change in attitude toward the 
untrained stimuli which were serially 
related to S; has been compared to 
the mean change of untrained stimuli 
in the PA Control group with level 
of trained change held constant. 
This comparison has also been made 
holding rating position constant at 
each level of trained change. Finally, 
change at each serial position has been 
compared with change at every other 
position, again with trained change 
held constant. 

Comparison of change under Serial 
and PA _ Control conditions.—Hy- 
potheses 2a, 3a, and 4a predicted that 
change in Ss and Sg would differ from 
change in untrained PA Control stim- 
uli. Mean corrected change scores 
for Serial Positions S, through Sy» in 


each of the three trained change 
groups are presented in Table 3 and 
Fig. 6. Entries for the untrained 
PA Control stimuli are means of 
individual average change scores for 
the six test syllables. The significance 
of differences between means for each 
list position and the mean of the un- 
trained Control stimuli was tested 
at each level of trained change.® 





a 7 
*1.00f PA CONTROL 


UNTRAINED 
* MAX. TRAINED CHANGE o 
® MOD. TRAINED CHANGE o 
* MIN. TRAINED CHANGE? 


ra 


SERIAL 


RELATIVE CORRECTED CHANGE 





Ee 
6 
SERIAL LIST POS IN 





Fic. 6. Change in affective rating as a 
function of serial position. The ordinate is 
corrected change, divided by the absolute 
value of corrected change for S; in the maxi- 
mum trained change group. 


5 Where estimated variances were hetero- 
geneous, the approximation to ¢ described by 
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For Ss with maximum change in 
S; the rating of Ss changed more posi- 
tively than the average of PA Control 
ratings of all untrained test stimuli 
(P < .01)® and Ss changed more 
negatively (P < .10). At the level 
of moderate trained change, ratings 
of Ss tended to become more negative 
than PA Controls (P < .10), while 
Ss scores were significantly more 
negative than PA Control scores 
(P < .02). There was no significant 
difference between any other serial 
Position and PA Control change score. 

The results just reported have 
tested the hypotheses in question by 
comparing the amount of corrected 
change in attitudes from Time 1 to 
Time 2. However, a part of the 
theory from which predictions were 
derived involves assumptions about 
events at the time of the second rating 
of the stimuli. This means that the 
relations must have existed at Time 


2. Since Time 1 ratings for the vari- 


ous stimuli and conditions were 
Dixon and Massey (1951, pp. 104-105) was 
used in testing significance Since the 
measure of change for test syllables in the 
Controls was an average of six scores, its 
variance was lower than variance of the 
measures for the Serial condition. A two- 
tailed test was used throughout. A number 
of additional predicted relations would be 
significant at the .05 level if a one-tailed test 
were used. 

® These results were based on all Ss whose 
Time 2 ratings changed negatively, even 
though the hypotheses involving S. were not 
made explicit until one-third of the Ss had 
been run. It should be noted, however, that 
Se results based only on the Ss who were run 
following the revision of Hypotheses 3 and 4 
were exactly parallel to those reported in the 
tables. The change in S, for the maximum 
change group was significantly (P < .02) 
more positive than the mean change of 
untrained stimuli in the PA Controls, maxi- 
mum change group. Change in S¢ in moder- 
ate change group was more negative than 
for PA Control moderate change group 
(P <.10). For the minimum change group, 
PF > i. 
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significantly different in only four of 
the 108 comparisons, it is reasonable 
to assume that differences in change 
scores will reflect differences in the 
Time 2 ratings of different stimuli. 
Nevertheless, this has been checked 
by computing mean Time 2 ratings 
for Ss, S;,, Ss within each trained- 
change level and for the PA Controls 
trained and untrained within each 
level. The results obtained by this 
analysis were exactly parallel to those 
reported in terms of amount of trained 
change. The same comparisons were 
significant and the same ones fell 
below acceptable levels of significance. 

Before stating the conclusions of 
these tests of the Hypotheses we 
turn, then, to one other check; 
namely, the effects of holding constant 
the order in which stimuli were rated. 

Comparison of change under Serial 
and PA Control conditions with rating 
order constant.—\It will be recalled 
that it was considered necessary to 
check the effects of our principal 
variables with order of rating the 
test stimuli held constant because 
of the impossibility of testing ade- 
quately whether this variable was 
equated. Table 4 presents results. 
They were essentially the same as 
those just reported. 

This table was constructed in the 
following manner. Within a given 
level of trained change, mean change 
in Ss was computed for Serial Ss who 
rated this stimulus at each possible 
rating position (4, 6, 7, 8, 9, or 10). 
The average of PA Control test 
stimuli rated at each of these positions 
was also computed for the comparable 
trained change group. Using these 
values from Table 4, the PA Control 
mean at each rating position was 
subtracted from the Serial mean for 
Ss in that same rating position. The 
same procedure was followed for 
Ss change scores within each level 
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of trained change. The significance 
of each set of six differences (where 
there were no empty cells) has been 
evaluated using a randomization test 
for matched pairs (Siegel, 1956, 
pp. 88-92). 

With rating order held constant, 
the relations between corrected change 
scores of stimuli at different serial 
positions were maintained with sur- 
prising consistency considering the 
very small number of cases in each 
cell. As indicated in the Table, 
mean differences between Serial and 
PA Control conditions were signifi- 
cant for comparisons of Ss and Ss, 
in the maximum and moderate change 
groups, respectively, but not signifi- 
cant (P <.10) for the other two 
comparisons. 

The results strongly support Hy- 
pothesis 3a, while Hypotheses 2a 
and 4a received moderate support. 

Comparison of change at different 
serial positions.—Hypotheses 2b, 3b, 
and 4b predict different amounts of 
generalization within a serial list. 


TABLE 
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kor each S in the Serial condition the 
difference between corrected change 
scores for each pair of list positions 
was computed and averaged over Ss 
within each level of trained change. 
The results in Table 5 indicate that 
when S; changed maximally, Ss showed 
significantly more positive change 
than syllables at every other position, 
while Ss was consistently more nega- 
tive than all others except S; but signif- 
icantly different only from S¢ and S,. 
At the level of moderate trained 
change Ss changed more negatively 
than S,, Ss, Se, and Sio, the last three 
differences having Ps of .10 or less; 
Ss was more negative than every 
other test stimulus at this level and 
only in the comparison with S¢ and 
S; did the difference fail to reach the 
.05 level of significance. None of the 
comparisons involving pairs which 
did not include Ss, S;, or Ss were 
significant and no differences were 
significant in the minimum trained 
change group except those involving 
S. 


7* 


4 


MEAN CORRECTED CHANGE FOR TEST SYLLABLES AT EACH RATING 
POSITION IN SERIAL AND PA ContTROL CONDITIONS 





Trained Change 


- Test Syllz 
Group | Test Syllable 


6 


9.0 


Maximum | PA Control 4.4) 


| | 


Serial Sg 


| “Serial Se 


r 


ie eS 


a: 5 


5 


| PA Control 


Moderate 


—_ 0.9) 6.2 


| Serial Ss 


| Serial S¢ 


PA Control 


Minimum 


Serial Ss | 


* By a randomization test on differences at rating positions. 
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PrABLE § 


MEAN DIFFERENCE IN CORRECTED ATTITUDE CHANGE FOR PAIRS OF 
SERIAL POSITIONS 
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The results parallel those of the 
previous analysis: Hypothesis 3b was 
strongly supported while 2b and 4b 
received support at a borderline level. 
In all analyses, Ss in the moderate 
trained change group was significantly 
negative as had been predicted for Ss; 
in the maximum trained change 
group, while in the latter group there 
was less significant negative change. 


Generalization as a Function of Change 
in the Trained Stimulus 


Hypotheses 1 and 3c predict that 
amount of generalization within a 
serial structure is a function of level 
of change in response to the trained 
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stimulus. A direct comparison of 
Serial and PA conditions at different 
levels of trained change could not be 
made because of inhomogeneity of 
variance. In the PA condition, how- 
ever, differences between change levels 
in average corrected change scores 
for the untrained stimuli were small 
and not significant. 

Interlevel comparisons of change 
in Se and S3—The comparison 
of mean corrected change for cor- 
responding serial positions at the 
three levels of trained change (Table 
3) indicated that change in Ss was 
significantly more positive when S, 
changed maximally than in either 
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the minimum or moderate change 
conditions (P < .005 in both cases). 
Change in Se was not significantly 
different between the latter two levels. 

The same comparisons for Ss showed 
significantly more negative change 
in the moderate than the minimum 
condition (P < .05) but the predicted 
difference in the same direction be- 
tween the maximum and minimum 
change groups did not reach an 
acceptable level of significance with a 
two-tailed test (P < .10). The dif- 
ference between the maximum and 
moderate change groups was opposite 
that predicted and was not significant. 

Interlevel comparisons of change in 
Ss and Ss with rating order held con- 
stant.—Differences between levels of 
trained change in mean Sg scores at 
each rating position (computed from 
Table 4) were evaluated using the 
randomization test for matched pairs 
(Siegel, 1956, pp. 88-92). The same 


procedure was followed for S;. By 


this analysis all differences in Ss 
change between levels of trained 
change were significant or near signifi- 
cant (maximum>moderate, P>.04; 
maximum > minimum, P < .07; and 
moderate <minimum, P<.07). Only 
one difference for Ss approached 
significance (maximum < minimum, 
P < .07). The symbol (<) means 
more negative; (>) more positive. 
These results differ somewhat from 
those where rating order was not 
controlled. The near significant diff- 
erence for Sg between moderate 
and minimum change groups was 
not observed there, and this is the 
only analysis where the significance 
of change for Ss was greater in the 
maximum than in the moderate 
trained change groups. 

Interlevel comparison of difference 
between serial positions in attitude 
change.—Essentially the same results 
were obtained when difference be- 
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tween change in ratings of Sg, Ss, 
and other untrained list syllables 
was investigated as a function of 
change in S; (Table 5). The mean 
difference between Se. and each other 
serial position at the maximum level 
of change in S; was subtracted from 
the mean difference between S, and 
that same position at a different level 
of trained change, and the significance 
of the difference determined. This 
comparison was made between levels 
for every difference involving Ss and 
Ss. 

All five differences involving Sg 
were significant (P < .05) in com- 
parisons of maximum and moderate 
levels of trained change ; in maximum- 
minimum comparisons three were 
significant at the .05 level and one 
at the .10 level; one was significant 
at the .10 level in comparison of mod- 
erate and minimum trained change 
groups. 

For Ss only comparisons between 
moderate and minimum levels of 
trained change were significant (four 
out of five at the .05 level). In all 
comparisons of the maximum and 
minimum groups the differences were 
in the expected direction: Sg was 
relatively more negative than other 
positions in the maximum than in the 
minimum group. Here, as in all but 
one other analysis, the greater amount 
of negative change in the moderate 
than in the maximum change group 
was apparent, though the differences 
were not significant. 

It may be concluded from all 
methods of analysis that there was 
strong support for Hypothesis 3c in 
the greater positive change in Ss when 
S; changed maximally. Hypothesis 1 
was supported by the fact that greater 
negative change in Ss occurred when 
change in S; was moderate than when 
it was minimum. However, the 
general finding of slightly more nega- 
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tive change of Ss in the moderate than 
in the maximum trained group was 
not predicted. 


DISCUSSION 


The hypotheses have been supported 
in general except for 1 and 2a, which 
predicted the greatest negative change 
in Ss when S; changed maximally. 
Actually Ss changed more negatively in 
the moderate group than in the maxi- 
mum change group. Two _ possible 
reasons for this result suggest them- 
selves. First, there is a possibility of 
the operation of an artifact incident 
to the significantly more positive Time 1 
rating of S; in the maximum change 
group than in the moderate group in 
both Serial and PA Control conditions. 
The question is whether this different 
Time 1 rating has made the amount of 
trained change an appropriate basis for 
choosing groups since under these cir- 
cumstances the Time 2 rating of S; in 
the moderate change group might have 
been more negative than the Time 2 
rating of the maximum change group. 
If this were so, then it would be expected 
that the Time 2 rating of Ss moderate 
might be more negative than the rating 
of Ss maximum. A check on the mean 
Time 2 ratings of S; in each group indi- 
cates that this was not the case. The 
Time 2 ratings in the maximum, moder- 
ate, and minimum trained change groups 
had the same order indicated by amount 
of trained change; moreover, the differ- 
ences in Time 2 scores for the three 
groups were highly significant, all with 
probabilities less than .001. 

Still another hypothesis is plausible. 
It will be recalled that our prediction 
about the effects of events occurring 
at the time of testing took into account 
the possible influence only of the im- 
mediate forward associate of the stimulus 
being tested. This was recognized as 
an oversimplification which, as it now 
appears, may need reconsideration. It 
may be that multiple events elicited by 
a stimulus combine in various ways to 
influence the rating which S gives to a 


stimulus. Only two possible loci of such 
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a combination can be mentioned at this 
time, both of which should have similar 
effects. First, assume that either the 
immediate forward or the immediate 
backward associate is elicited on any one 
occasion with the probabilities suggested 
by the Raskin and Cook data. Then 
the forward associate will provide the 
context of rating a given stimulus on 
some proportion of the semantic differen- 
tial scales and the backward associate 
will be the context for the ratings on 
other scales (five evaluative scales were 
checked by each S for each stimulus). 
Or, secondly, it may be that each judg- 
ment on a single scale is an average 
or some combination of interactions 
between fra., and fra.n41 and interactions 
between r,,, and fg,,-: all of which are 
involved in the process of judging the 
position of S, on one scale. Again, the 
frequencies of each of these two types 
of interaction would be proportional to 
the probabilities of the elicitation of a 
forward and a_ backward 
respectively. 

Take as an example the situation 
under discussion, the rating of Ss in the 
moderate and the maximum change 
groups. Suppose that Ss when presented 
for rating elicits r,.3 which in turn elicits 
rs.9 and/or rs.7 in the ratio of about 30/7 
which corresponds to the relative fre- 
quency of occurrence of immediate 
forward and backward associates. The 
suggestion is that the judgment of Ss, 
would be weighted more heavily by the 
results of interaction of rags with ra.» 
than by the interaction of r,s with ra.7 
(whether the average is over scales or 
over events involved in a single judgment 
or over individuals). Now, since the 
la,7—Ta,s distance would more likely reach 
contrast levels when S; change is maxi- 
mal, this would be the condition under 
which the judgment of Ss would be most 
influenced in the positive direction by 
the elicitation of raz. On the other 
hand, at moderate change levels elicita- 
tion of rs,7 would more probably lead to 
assimilation of ra,3 to ra.7 which would 
tend to make Ss more negative. 


associate, 


In short, 


under conditions of maximum change in 


S; the contribution of the backward 
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associate to the judgment of Ss would 
be to make it more positive and under 
conditions of moderate trained change 
the contribution of the elicited back- 
ward associate would be to make the 
judgment of Ss; more negative. 

This post hoc suggestion about the 
possible effects of backward associates 
occurring at the time of testing for 
generalization serves to introduce a 
final comment about the complexities 
of the problem of generalization. We 
have considered one structural pattern 
(serial associates), one aspect of struc- 
tural change taking place as a result of 
response training, and the interaction 
of one set of events at the time of testing: 
the affective response associated with 
the test stimulus at the time of response 
training, the forward associate of the 
test stimulus and its attached affect. 
It is at once evident that change in 
conditions at each of these three points 
will alter the response made to any 
stimulus tested for generalization. First, 
there are other structures within which 
generalization occurs and these will 
differ in the number of related parts 
and in the probabilities of arousal of 
each part by every other part. 

Secondly, at the time of response 
training the structure may be changed 
in a variety of ways by different input 
patterns operating on initially different 
structures. To take but one example: 
we have some evidence (preliminary and 
unpublished) that when a positive affec- 
tive response is attached to one point 
in a serial structure and negative affect 
to another point in the same structure, 
the serial relation no longer plays the 
dominant role in determining the oc- 
currence of generalization from one point 
to another within the serial structure. 
Finally, the response elicited at the time 
of testing for generalization may be 
altered by the interaction of a variety 
of concurrent events initiated by the 
particular instructions, by the pattern 
of contextual stimuli, and by the whole 
matrix of associations that may be acti- 
vated by the stimulus-to-be-tested as a 
result of existing structural arrangements. 
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A concluding comment must be made 
regarding the relation of the theory here 
presented to the more conventional 
mediation theory. Although the results 
reported at this time are not those that 
would have been predicted by the media- 
tion theorists, there is no doubt that 
under some conditions presentation of an 
untrained stimulus will have some prob- 
ability of being followed by the response 
which has been associated with the 
forward associate of the test stimulus 
and this may occur because at the time 
of testing the untrained stimulus elicits 
the ‘‘mediating’’ forward associate which 
in turn elicits the response. But neither 
is there any doubt that generalization 
may appear under other conditions. It 
is our suggestion that a complete theory 
of generalization must specify the differ- 
ent conditions under which generaliza- 
tion occurs. And this may be accom- 
plished only by taking into account the 
structural arrangements and the input 
patterns operating both at the time of 
training the response and of testing 
the untrained stimuli for evidences of 
generalization. 


SUMMARY 


A theory is presented which attributes 
the nature of the response made to a stimulus 
being tested for generalization within a serial 
structure to the combined effects of (a) 
associations formed at the time that the 
stimulus-in-training is being associated with 
a response, and (0) the interaction at the 
time of testing between the response to the 
test stimulus and responses to other events 
associated with the test stimulus, 

The Ss rated 12 nonsense syllables on 
evaluative scales. One group then learned the 
nonsense syllables in serial order after which 
the seventh syllable was associated with 
shock. Syllables were rated a second time. 
A PA Control group followed the same 
procedures except that in place of serial 
training each of the 12 syllables was the 
response to two-place number in paired- 
associates training. An analysis was made of 
changes in the evaluative ratings of these 
stimuli for Ss in three groups: those for whom 
the change in the trained stimulus was 
maximal; a moderate trained change group; 
and a minimum trained change group. 
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The following results were obtained: 

1. Trained stimuli changed significantly 
in both the Serial and PA Control conditions 
when testing each group as a whole. 

2. The evaluative ratings of Ss immedi- 
ately following the trained stimulus changed 
significantly more in the negative direction 
than did comparable PA Controls and more 
than serial stimuli in other list positions, 
when S; changed moderately. The negative 
change in Ss in the maximum change group 
was of smaller magnitude than in the mod- 
erate trained change group. 
trary to predictions. 

3. In the maximum trained change 
group the stimulus immediately preceding 
the trained stimulus changed more positively 
than any other serial stimuli and more 
positively than comparable PA Controls, as 
predicted. This positive change in S¢ disap- 
peared as the change in the trained stimulus 
decreased and tended to be negative at the 
moderate level of trained change. This was 
expected. 

It is proposed that the positive change in Sz 
at maximum trained change levels resulted 
from contrast with the very negative implicit 
response to S; which was elicited at the time of 
testing Ss. The negative change in Ss was 
predicted on the basis of events assumed to 


This was con- 


take place at the time of response training. 
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TRANSFER OF A DISCRIMINATION FROM OBJECTS 
TO PATTERNS! 


BETTY J. HOUSE ann DAVID ZEAMAN 


University of Connecticut 


Lawrence (1952) presented evi- 
dence for an empirical law of dis- 
crimination learning that, in training 
a hard discrimination, it is more 
efficient to train first on easier dis- 
criminations along the same dimen- 
sion than to give all trials on the hard 
discrimination. After equal numbers 
of trials, rats with all training on a 
difficult brightness discrimination per- 
formed more poorly than those having 
trials first on easier brightness dis- 
criminations. Baker and Osgood 


(1954) observed similar effects with 
adult humans in pitch discrimination. 
These results provide an exception 
to the usual finding of transfer studies 
that maximum performance is ob- 


tained when training and test condi- 
tions are identical. In the present 
study, an attempt is made to extend 
the generality of the law by testing 
it with a different kind of S, mentally 
retarded children, and a different type 
of problem, color-form discrimination. 

A difficult discrimination problem 
for mentally retarded Ss is one in 
which the stimuli are patterns painted 
on a background. An easier problem 
can be obtained by presenting stimuli 
as three-dimensional objects. Even 
in the case where the relevant cues 
are identical, an object discrimination 


1 This research was carried out at the 
Mansfield State Training School, Mansfield 
Depot, Connecticut. The authors wish to 
express appreciation to Neil .A. Dayton, 
Superintendent, and to John Cassell and 
Louis Boly, principal and assistant principal 
of the Longley School, for their aid and 
cooperation. This investigation was sup- 
ported by Research Grant M-1099 from the 
National Institute of Mental Health. 


is learned more quickly than a pattern 
discrimination by retarded Ss (House, 
Zeaman, Orlando, & Fischer, 1957) 
as well as by monkeys (Harlow, 
1945). Thus, preconditions for a 
test of the law demonstrated by 
Lawrence are present: an easy and 
a hard discrimination problem with 
the same relevant dimension. 

It might be questioned how object 
and pattern stimuli can be ordered 
along the same stimulus dimension, 
as required for application of Law- 
rence’s law. In answer, the two 
object stimuli may be regarded as 
differing along a continuum of partial 
identity. The positive and negative 
objects are composed of some com- 
mon stimulus elements as well as 
distinctive relevant cues. The pres- 
ent pattern stimuli are conceived as 
having the same relevant elements as 
the objects, but with an added num- 
ber of common background elements. 
Thus the pattern stimuli occupy 
intermediate positions between the 
two objects along a continuum of 
partial identity, conceivably measur- 
able in terms of overlap of sets of 
elements. 

In this experiment, discrimination 
was trained between stimuli differing 
in color and form, presented in either 
of two ways: as flat patterns on 
gray backgrounds or as cut-out three- 
dimensional objects. One group (P-1) 
was given trials on the pattern 
stimuli only. Another group (0-1 to 
P-1) was trained first on a pair of 
object stimuli before being shifted 
to a pair of pattern stimuli having 
the same colors and forms as the 
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TABLE 1 


Supjyect CHARACTERISTICS OF THI 
EXPERIMENTAL GROUPS 


MA (Mo.) 


| | 
| CA (Mo.) | IQ 
Condition N — 


Mean; SD 


Mean} SD | Mean; SD 


19 | 128 |. 
22 | 136 |. 
P-1 


objects. This condition is analogous 
to Lawrence’s easy-to-hard group. 
A third group (0-2 to P-1) was 
trained on object stimuli different 
in color and form from the pattern 
stimuli. In this condition, approach- 
avoidance tendencies acquired to the 
object stimuli cannot be directly 
transferred to the new pattern stimuli. 


METHOD 
Apparatus 


The discrimination apparatus consisted of 
a table with a one-way screen separating E 
from S, and a sliding tray for presentation of 
the stimuli. Two 3-in. foodcups were set 
into the 30-in. tray, centered 12 in. apart. 
The tray was pulled out of sight behind the 
one-way screen for baiting and pushed 
diectly in front of S to begin a trial. 

Two pairs of color-form stimuli were con- 
structed in the form of object stimuli and 
pattern stimuli. These were (a) yellow T 
vs. black square and (6) red cross vs. green 
circle. For the object stimuli, forms were 
cut from }-in. Masonite and mounted ver- 
tically on 4-in. X 4-in. gray Masonite bases. 
For the pattern stimuli, forms of the exact 
dimensions and colors of the object stimuli 
were painted on gray wedges with 4-in. x 4- 
in. faces. Each form had maximum height 
and width of 2 in. 


Subjects 


All Ss were experitnentally naive, selected 
randomly from boys and girls attending 
classes at the Longley School of the Mans- 
field State Training School, within the 
mental age range from 2 yr. to6 yr. The Ss 
were assigned to the three groups so as to 
equate for CA, IQ, and MA, as shown in 
Table 1. 


Procedure 


General——The S's response was lifting 
the stimulus. Under the correct stimulus, 
E placed a small piece of candy. Reinforce- 
ments were M & M's, candy corn, Malties, 
and the like, which S could eat or save as he 
preferred. As additional reinforcement, E 
said ‘‘Good”’ if the response was correct and 
“No” if it was not. 

One of the two pairs of stimuli was assigned 
randomly to each S and the positive cue was 
designated randomly. The correct stimulus 
was placed on the left or right according to 
a Gellerman’s series (1933). All Ss were 
given 25 trials per day with correction pro- 
cedure. The criterion for learning was 20 
out of 25 trials correct during a single daily 
session. 

Pretraining.—Verbal instructions were 
limited to asking S to find the candy. Before 
the first experimental session, several trials 
were given in which E placed the candy in an 
open foodcup and then under a single gray 
wedge placed randomly left or right. 

Experimental conditions—The sequences 
of training trials for the three groups were 
as follows. In Group 0-1:P-1 there was 
object training to criterion with a maximum 
of 250 trials, followed by identical pattern 
training to criterion or 250 trials. In Group 
0-2:P-1, there was object training to cri- 
terion with a maximum of 250 trials, followed 
by different pattern training to criterion or 
250 trials. In Group P-1 there was pattern 
training to criterion with a maximum of 500 
trials. 


RESULTS 


Performances of the three groups 
are shown in Fig. 1. The percentage 
of Ss who have met criterion on the 
pattern problem is plotted as a func- 
tion of total training days. For 
Group 0-1:P-1 and Group 0-2: P-1, 
total training days refers to the sum 
of days spent on the object problem 
and the pattern problem. For ex- 
ample, the percentage on Day 2 for 
Group 0-1:P-1 signifies that 21% 
learned 0-1 to criterion on the first 
day and learned P-1 to criterion 
on the second day. The superiority 
of the two object-trained groups over 
Group P-1 is significant. Chi square 
tests were made of the frequencies of 
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days. 
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Ss who had passed or had not passed 
the pattern test by the end of 10 days 
training. The probability that dif- 
ferences as large as those observed 
would occur by chance is less than 
.001 for Group 0—1:P-1 and less than 
.02 for Group 0-2:P-1. Little change 
occurs during the final 10 days during 
which all Ss who had failed object 
or pattern were trained on pattern. 
While both kinds of object training 
produced significant facilitation of 
pattern learning, the question re- 
mains whether there is an added 
advantage when the relevant cues 
are identical for the object and pattern 
problems. A chi square test failed 
to show a difference between per- 
centage passing pattern for the two 
object groups (P > .10). However, 
when a more sensitive measure was 
considered, that of number of errors 
to criterion on the pattern problem, 
Group 0-1: P-1 was superior (P <.01, 
Mann-Whitney U test, one-tailed). 
Mean errors were 5 for Group 0-1: P-1 
and 47 for Group 0—-2:P-1; median 
errors were 2 and 9, respectively. 
That the better performance on 
pattern was not due to chance differ- 
ences in learning ability is demon- 


strated by the fact that the two groups 
were equivalent in performance on 
the object problem (P > .70, Mann- 
Whitney U test). Percentages of Ss 
learning the object problem were 68 
and 63 for 0-1 and 0-2, respectively. 
All Ss in Group 0-1: P-—1 who learned 
the object discrimination also learned 
the pattern discrimination, while of 
the 14 Ss who learned the 0-2 prob- 
lem, only 10 then learned the pattern 
problem. 

It is recognized that the curves 
of Fig. 1 do not reveal the shapes of 
the underlying learning functions. 
These are of interest in relation to 
another theory and will be discussed 
in detail elsewhere. All the individual 
functions can be classified as belonging 
to a family of ogival functions which 
pass from chance to criterion very 
quickly, once the curves start to rise. 
Wide individual differences exist, how- 
ever, in the duration of the chance 
stage of performance. Therefore, 
since Ss are for the most part either 
at chance or criterion, the reported 
measure of percentage passing is a 
good approximate description of the 
state of learning of each group. 


DISCUSSION 


Our results support Lawrence’s con- 
clusion that a training sequence of easy- 
to-hard discrimination trials with the 
same relevant dimension is more efficient 
than a training series of hard discrimina- 
tion trials only. In addition, our 
0-2:P-1 condition demonstrated that 
direct transfer of approach-avoidance 
tendencies is not necessary for a facili- 
tating effect. This finding adds weight 
to Lawrence’s (1955) argument that 
current theories of generalization gra- 
dients cannot account for his results. 
If there is generalization due to the 
similarity of the 0-2:P-1 stimuli, the 
effect is as likely to be interference as 
facilitation since the positive cue is 
randomly designated. While generali- 
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zation of approach-avoidance tendencies 
from the 0-1 training to the P-1 condi- 
tion presumably accounts for the superi- 
ority of 0-1 training over 0-2 training, 
there remains a large facilitating effect 
which requires some other explanation. 

A model for discrimination learning 
developed by Restle (1955), which re- 
lates ‘learning rate to proportion of 
relevant and irrelevant cues, has been 
shown to account for Lawrence's results 
quite parsimoniously. This theory can 
be applied to our data to predict the 
amount of 0-1:P-1 transfer from a 
knowledge of the learning rate param- 
eters (6) of the object and pattern learn- 
ing curves. Parameters were estimated 
for the four Ss (i.e., 21%) of Group P-1 
who learned the pattern discrimination 
and for the comparable top 21% (4 Ss) 
of Group 0-1: P-1. . With mean @s equal 
to .27 and .02 for the object and pattern 
Ss, respectively, Restle’s Equation 10 
(1955, p. 15) was used to calculate 
predicted cumulative errors for the four 
0-1: P-1 Ss on the first 25 transfer trials. 
Table 2 compares the obtained errors 
with the predicted errors. Although 
the number of Ss in this comparison 
is small, the magnitude of the difference 
between predicted and obtained errors 
appears sufficient to warrant rejection 
of Restle’s transfer Equation 10 for 
these data. 

It should be pointed out that Restle’s 
Equation 10 requires the assumption 
that object and pattern stimuli have the 
same relevant cues, but that pattern 
stimuli have more irrelevant cues than 
appear in the object stimuli. An alter- 
native assumption could be made: ob- 


TABLE 2 
PREDICTION OF TRANSFER FROM 


0-1 To P-1 


Cumulative Errors 
Observed 


Transfer 
Trials Predicted 


Soumown 
Ww NM bt h& be 


nm 
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jects have more relevant cues than 
pattern, but the same irrelevant cues. 
Equations may then be derived from 
Restle’s theory which predict the almost 
perfect transfer found in this experiment. 
Thus, if Restle’s theory is applicable in 
the present experiment, the implication 
is that in going from 0-1 to P-1 no 
irrelevant cues are added, but relevant 
cues are subtracted. The theory makes 
no predictions about transfer from 0-2 
to P-1. 

Lawrence (1952) suggested that his 
results may be due to acquired distinc- 
tiveness of the relevant stimulus dimen- 
sion. Stimuli acquire distinctiveness 
during easy discrimination training when 
S learns to “isolate functionally the 
relevant stimulus dimensions from all 
other background and irrelevant cues”’ 
(Lawrence, 1952, p. 516). The distinc- 
tiveness then transfers to the difficult 
discrimination. Details of the process 
are not elaborated by Lawrence. How- 
ever, a more detailed analysis of learning 
of this sort has been developed by 
Wyckoff (1952), whose model for ‘‘ob- 
serving responses’ may account for our 
results. Wyckoff defines the ‘observing 
response’ (Ro) as any response which 
exposes S to the relevant cue. For our 
experiment, we might interpret Ro as 
looking at the color and form cues. The 
probability (fo) of Ro has been postu- 
lated to bear a circular relation to the 
speed of discrimination learning. Each 
is dependent upon and facilitates the 
other. Response Ro is learned to the 
extent that its occurrence increases the 
probability of reinforcement, but in a 
discrimination problem Ro can increase 
probability of reinforcement only if S 
is responding 
learning. 


above chance, i.e., is 


This reasoning may be applied to our 


data. For object stimuli, pp» may be 
initially higher than for pattern, because 
of fewer competing background (non- 
color/form) cues. This condition would 
facilitate the object discrimination and 
in turn increase po even further. Con- 
sequently Ss going from object to pattern 
would have a special advantage in 
starting pattern with o higher than 
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that ever developed by Group P-1 
during its unsuccessful pattern training. 

While Wyckoff’s theory may thus be 
capable of accounting for our nonspecific 
type of object-to-pattern transfer, his 
formal model was not designed for the 
particular situation of the present experi- 
ment. A modification of Wyckoff's 


model is now in preparation which we 
hope will also handle the quantitative 
aspects of the data. 


SUMMARY 


Two different training sequences of easy- 
to-hard discrimination trials were compared 
for efficiency with a training sequence of hard 
discrimination trials only. The Ss _ were 
three independent groups of mentally re- 
tarded children equated for MA, IQ, and CA. 
The hard-discrimination group was trained 
with pattern stimuli differing in color and 
form. The two easy-to-hard groups were 
first trained to criterion with a pair of object 
stimuli before pattern training. Object train- 
ing differed for the two groups only in that 
one group had identical relevant cues for the 
object and pattern problems while the other 
group had different colors and forms for 
object and pattern. Both easy-to-hard se- 
quences were more efficient than the series 
of hard-discrimination trials only, as measured 
by total trials required to learn the hard 
discrimination. The presence of identical 
relevant cues in object and pattern increased 
the facilitating effect of object training. 
Within 10 training days, 68% learned both 
the object problem and the equivalent 
pattern problem, while in the other easy-to- 
hard group, 45% learned an object problem 
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and a different pattern problem. In contrast, 
only 10% of the group having all training 
trials with pattern stimuli learned the pattern 
problem within 10 days. Implications of 
these data for Restle’s discrimination model 
and Wyckoff’s theory of “observing re- 
sponses”’ were discussed. 
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EYELID CONDITIONING AS A FUNCTION OF INTENSITY 
OF CONDITIONED AND UNCONDITIONED STIMULI! 


EVELYN G. WALKER 


University of Illinois 


Although conditioned stimulus (CS) 
intensity has theoretically been consid- 
ered one of the variables determining 
the strength of conditioned responses 
(CRs), the experimental evidence is in 
conflict. While some studies (Barnes, 
1956; Brown, 1942; Hovland, 1937; 
Hull, 1949; Razran, 1957) have shown 
response strength to increase with 
increasing intensities of CS, others 
(Carter, 1941; Grant & Schneider, 
1948, 1949; Taylor, 1954) have failed 
to find any relationship. Those 
experiments in which response strength 
was measured during acquisition of 
the CR typically were successful in 
demonstrating a positive relationship 
between CS intensity and strength of 
response. However, in general, those 
experiments in which the analysis 
was based on extinction data have 
reported negative findings. Within a 
single experiment (Kessen, 1953), the 
positive relationship shown for acqui- 
sition of a CR could not be demon- 
strated during extinction. Since the 
one important difference between 
acquisition and extinction of a CR 
is the omission of the unconditioned 
stimulus (UCS), it may be argued 
that this factor could, in part, have 
contributed to the conflicting results. 
If this is the case, then the effective- 
ness of CS intensity 


on response 


1This paper is based on a portion of a 
dissertation submitted to the Graduate 
College of the University of Illinois in partial 
fulfillment of the requirements for the PhD 
degree. The writer wishes to express her 
appreciation to G. Robert Grice, who directed 
the study, for valuable aid and advice offered 
throughout the course of the experiment. 
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strength may depend upon the strength 
of the UCS. 

One purpose of the present study 
was to determine whether UCS in- 
tensity is one of the conditions which 
influences the relationship between 
CS intensity and CR strength. Spe- 
cifically, the hypothesis was tested 
that CS intensity would have a 
greater effect on response strength 
under a strong UCS than under a 
weak UCS. Such a result may be 
deduced from Hull’s assumption of 
a multiplicative relation between habit, 
drive and stimulus intensity dyna- 
mism (V) (Hull, 1951), if UCS mag- 
nitude is viewed as a determinant 
of drive strength. Indirect support 
for this hypothesis may be found in 
the work of Pavlov (1927), who found 
that unless the UCS were strong, 
ordinarily suitable stimuli were in- 
effective as CS. In a recent analysis 
of studies on the conditioned salivary 
response, Razran (1957) has_indi- 
cated that unconditioned response 
(UCR) magnitude is one of the vari- 
ables related to the efficacy of CS 
intensity. He reported that the 
higher the UCR magnitude, the 
greater the effect of CS intensity 
on response strength. Since magni- 
tude of the UCR is, in part, a function 
of UCS intensity, this could be 
interpreted as indirect evidence that 
the effect of CS intensity on response 
strength is related to the level of the 
UCS. Although in three studies with 
the eyelid response (Carter, 1941; 
Grant & Schneider, 1948; Taylor, 
1954) no reliable relationship be- 
tween CS intensity and strength 
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of conditioning could be demon- 
strated, the intensity of the UCS 
in these studies would appear to have 
been relatively weak. 

If the effect of CS intensity on 
strength of response is altered by 
variations in the intensity of the 
UCS, then it would be difficult to 
demonstrate such a relationship using 
the typical extinction procedure where 
the UCS is omitted. To avoid this 
problem, the UCS was presented on 
each trial during extinction in the 
present experiment but with a CS- 
UCS interval which has been shown 
to produce extinction (McAllister, 
1953). 

A further purpose of the present 
study was to determine whether CS 
intensity has an effect on learning 
as distinct from performance. In 
his stimulus intensity dynamism prin- 
ciple, Hull (1951) has postulated that 
both learning (habit strength) and 
performance (reaction potential) are 
direct functions of CS _ intensity. 
Three experiments (Grant & Schnei- 
der, 1948, 1949; Kessen, 1953) have 
yielded no evidence to support the 
hypothesis that CS intensity affects 
habit strength. However, in these 
studies CS intensity did not influence 
response strength, and under condi- 
tions which fail to show this relation- 
ship, there would be little reason to 
expect an effect of CS intensity on 
habit strength. 


METHOD 


Subjects and design.—The Ss were 160 
men students of introductory psychology 
at the University of Illinois. Twenty Ss were 
assigned at random to each of the eight cells 
at a 2X22 factorial design. During 
acquisition, which consisted of 80 paired 
presentations of tone and air puff separated 
by 500 msec., there were four different stimu- 
lus conditions: weak CS—-weak UCS; strong 
CS-weak UCS; weak CS-strong UCS; 
strong CS-strong UCS; with two groups 
under each condition. There were eight 
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conditions during extinction with all groups 
receiving the same UCS intensity as during 
acquisition. Four groups received the same 
CS intensity as acquisition. Two groups 
were shifted from weak to strong CS intensity, 
and two groups were shifted from strong to 
weak CS intensity. For extinction all groups 
received 30 trials with an interstimulus 
interval of 2500 msec., the air puff being 
presented on all trials. 

Apparatus.—The CS was a tone of 1000 
cycles, with the weak intensity 30 db, and 
the strong intensity 80 db above an average 
threshold. The tone was generated by a 
Hewlett-Packard, Model 205 AG audio 
oscillator and was delivered to S through a 
set of headphones. 

Two intensities of air puff were employed 
as UCS; 0.5 lb./sq. in. in the case of the 
weak puff, and 5.0 lb./sq. in. in the case 
of the strong puff. Appropriate pressures 
were obtained by the use of a variable air 
pressure reducing valve. The CS had a 
duration of 500 msec. during acquisition and 
2500 msec. during extinction, with the UCS 
onset coinciding with the termination of the 
CS and lasting 40 msec. A_ polygraph 
recorded the onset and offset of the stimuli 
which were controlled by means of Hunter 
electronic timers. The potentiometer-poly- 
graph system used for recording eyelid move- 
ment has been described in detail by Spence 
(1953). 

Conditioning procedure.—The Ss_ were 
seated in a soundproof room. Incident 
illumination measured at the position of S’s 
eyes was approximately 2.5 ft-c. The ready 
signal was a weak buzzer which was pre- 
sented at random intervals of 2, 3, or 4 sec. 
before each trial. At the ready signal, S 
was instructed to fixate a white disc (located 
60 in. from S and 3 in. above eye level) and 
was told to blink once. An average inter- 
trial interval of 20 sec. was used, with trials 
randomly separated by 15, 20, or 25 sec. 

Measurement of CR.—Any response which 
occurred within 150 msec. of the CS onset 
was not counted as a CR since this is the 
interval in which original or unconditioned 
responses to the onset of the tone typically 
occur. A movement of the penwriter 1 mm. 
or more in amplitude in the interval 150 
to 565 msec. after the onset of the CS was 
considered to be a CR. Although the UCS 
onset was 500 msec. after the onset of the 
tone, responses which occurred up to 565 
msec. after CS onset were included as CRs 
when it was empirically determined that the 
minimum latency of the UCR was 75 msec. 

In a previous study (Spence, 1953) 
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Fic. 1. Mean percentage of anticipatory 
responses in the interval 150 to 565 msec. 
during acquisition per block of 10 trials for 
the four stimulus conditions. 


anticipatory responses were differentiated in 
terms of their latency, with the shorter 
latency responses being regarded as “‘volun- 
tary’’ responses. Under the conditions of 
the present experiment, responses which 
occurred in the interval 150 to 300 msec. 
after CS onset were regarded as short latency 
or “voluntary” responses. Any S for whom 
more than 50% of his responses were in this 
interval was discarded as a voluntary re- 
sponder. Sixteen Ss were eliminated for 
this reason and one additional S was dis- 
carded because of failure to condition, the 
conditioning criterion being at least one CR 
during the 80 trials. 

During extinction, CRs were also counted 
in the interval from 150 to 2500 msec. which 
allowed the inclusion of CRs whose latency 
had increased beyond the shorter interval 
(McAllister, 1953). 


RESULTS 


Acquisition of anticipatory response. 
—Figure 1 shows the mean percentage 
of anticipatory responses plotted as a 
function of blocks of 10 trials. For 
this analysis, an anticipatory re- 
sponse was defined as one whose 
latency was in the interval from 150 
to 565 msec. after CS onset. Ordering 
of the groups is clear, the strong UCS 
groups showing consistently superior 


performance to the weak UCS groups, 
and the strong CS intensity groups 
exceeding the weak CS _ intensity 
groups. 

A factorial analysis of variance was 
performed in order to evaluate the 
reliability of the observed differences 
in rate of acquisition of anticipatory 
responses under differential condi- 
tioned and unconditioned stimulus 
intensity. Table 1 summarizes the 
results of the analysis. The assump- 
tion of homogeneity of variance 
appeared tenable since Bartlett's test 
resulted in a chi square value which 
was not significant. It can be seen 
from Table 1 that the analysis 
yielded F values significant beyond 
the .01 level for both CS and UCS 
intensity, with no significant inter- 
action. The test for interaction is a 
test of the hypothesis that CS in- 
tensity has the same effect on per- 
formance whether the UCS be strong 
or weak. This hypothesis cannot be 
rejected. Although it can be seen 
from Fig. 1 that the difference in 
performance under strong and weak 
CS was larger under the strong UCS 
than the weak UCS, this difference 
was not large enough relative to 
error variance to be reflected in 


TABLE 1 


ANALYSES OF VARIANCE OF TOTAL NUMBER OF 
ANTICIPATORY RESPONSES DURING ACQUISI- 
TION FOR THE E1GuHt Groups AccorD- 
ING TO LATENCY OF RESPONSE 


150-300, 300-565 
df | Msec. Msec. 
F F 


150-565 
Source Msec. 
rE 


CS Intensity (CS) 

Replications (R) 

UCS Intensity 
(UCS) 


13.89*| 1.52 
0.17 0.01 


21.40* 69.42* 
Ss 2.28 0.04 
R 0.06 0.01 
xR 0.42 | 0.31 | 
xR XUCS 0.10 4.33 | 
Within groups | | 
(error) (62.62)*)| (202 .04)*| (309.63)* 
Total 9) | | 


xU 
x 


S 
Ss 
cs 
S 


c 
( 

U 
C 


*P< OL. 
* Error estimate. 
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a significant CS X UCS interaction. 
However, a ¢ test of the difference in 
CS intensity was significant for the 
strong UCS groups (¢ = 2.90) but 
was not significant for the weak UCS 
groups (¢ = 1.16). From an exami- 
nation of the curves presented in Fig. 
1, it appeared that the strong CS- 
strong UCS group had approached 
an asymptotic level at about Trial 50. 
Since the performance of the other 
groups had not leveled off at Trial 80, 
this would have the effect of reducing 
the CS X UCS interaction since the 
strong and weak CS groups under 
the strong UCS would be closer 
together from Trials 50 to 80 than the 
strong and weak CS intensity groups 
under the weak UCS. It was there- 
fore decided to perform a post hoc 
analysis of the CS X UCS interaction 
over the first 50 trials only. The 
within-groups variance was used as a 
basis for evaluating the mean differ- 
ence (Walker & Lev, 1953), and since 
the direction of the difference had 
been predicted a one-sided hypothesis 
was tested. This test resulted in an 
interaction value which was not 
significant (¢ = 1.28, P = .10), but 
which was in the predicted direction, 
with the difference in performance 
under CS intensity being greater 
for the strong than the weak UCS 
groups. 

The groups in which CS intensity 
was shifted during extinction may be 
regarded as replications of the CS 
and UCS conditions during acquisi- 
tion. The small variance attributable 
to replication indicates that the 
random assignment to groups was 
successful. 

A separate analysis of variance was 
performed on responses falling in the 
interval from 300 to 565 msec. after 
CS onset. Spence (1953) has called 
such longer latency responses ‘‘CRs” 
to differentiate them from the short 
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latency ‘‘voluntary”’ responses. The 
rationale for the separate analysis 
of conditioned and “voluntary” re- 
sponses is evidence from a previous 
experiment (Taylor, 1954) that these 
responses may be subject to different 
laws. In that study, although fre- 
quency of “‘voluntary”’ responses ap- 
peared to be a function of CS in- 
tensity, frequency of the longer la- 
tency “CRs” did not. Summary of 
the analysis of “CRs” from the 
present study is presented in Table 1. 
Bartlett’s test of homogeneity of 
variance yielded a nonsignificant chi 
square value. It can be seen from 
Table 1 that UCS intensity was the 
important variable, CS intensity hav- 
ing no reliable effect on “CRs.” 

In Table 1, the results of the analy- 
sis of the shorter latency, ‘‘voluntary”’ 
responses are also presented. Al- 


though CS intensity as well as UCS 
intensity produced significant vari- 
ance, the assumption of homogeneity 


of variance was violated. However, 
recent studies (Lindquist, 1953) have 
indicated that heterogeneity of vari- 
ance does not substantially alter the 
outcome of the analysis of variance 
test. 

Because CS intensity reliably in- 
fluenced the short latency responses, 
but not the longer latency responses, 
an analysis of the form of the re- 
sponses in the two intervals was made 
to determine whether the short- 
interval responses were primarily vol- 
untary in form. The voluntary 
response shows sharp, smooth closure 
which is maintained until after the 
onset of the UCS, whereas the form 
of the CR is irregular. Table 2 
presents the mean number of volun- 
tary and conditioned responses dif- 
ferentiated by form in the two inter- 
vals. The responses with voluntary 
form were fairly evenly distributed 
between the short and longer latency 
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TABLE 2 


MEAN NUMBER OF ANTICIPATORY RESPONSES DURING ACQUISITION FOR THE 
Four ConpbitT1ions ACCORDING TO FORM AND LATENCY OF RESPONSE 


Condition Voluntary 


150-300 
Msec. 


300-565 


‘c —_ 
Cs uUCcSs Msec. 


1.45 
3.25 
2.20 
7.03 


Weak 
Weak 
Strong 
Strong 


Weak 
Strong 
Weak 
Strong 


0.75 
3.48 
0.58 
6.70 


" 


intervals, with 55% in the short, and 
45% in the longer interval. However, 
for this population, they constituted 
a much higher proportion of the total 
responses in the short latency interval 
(42.2%), than in the longer interval 
(8.4%). 

Separate analyses of variance were 
done on the responses differentiated 
by both form and latency. Table 
3 summarized the results of these 
analyses. The voluntary form re- 
sponses in both intervals were affected 
by UCS intensity, however only the 
short latency voluntary responses 
were influenced by CS _ intensity. 
The interaction between CS and UCS 
intensity was significant at the .05 
level for voluntary form responses 
in both intervals. UCS intensity 
influenced the CRs in both intervals, 





CR 


150-565 150-300 


Msec. 


300-565 
Msec. 


150-565 
Msec. 


25.28 
42.93 
29.80 
45.70 


2.50 22.78 
4.60 | 38.33 
4.5 
7.3 


7 25.23 
7 38.33 


but CS intensity affected only the 
short latency CRs. There was no 
tendency toward an interaction be- 
tween CS and UCS intensity for the 
CRs in either interval. 

Extinction of anticipatory response.— 
The performance curves showing the 
mean percentage of anticipatory re- 
sponse per block of 6 trials during 
extinction appear in Fig. 2. Re- 
sponses occurring in the interval 150 
to 2500 msec. after CS onset were 
considered anticipatory. It can be 
seen that the curves for the various 
CS intensity groups under the weak 
UCS show little trend. The expected 
decrease in the percentage of anticipa- 
tory responses with increased trials 
is not clearly evident. Only Groups 
1 and 3 show a decrement in perform- 
ance from the first to last extinction 


TABLE 3 


ANALYSES OF VARIANCE OF TOTAL NUMBER OF ANTICIPATORY RESPONSES DURING 
ACQUISITION FOR THE Four CONDITIONS ACCORDING TO FORM AND 
LATENCY OF RESPONSE 


150-300 Msex 


Source 
Voluntary 
F 


9.91" 
21.24* 

4.43 
(20.66)* | 


CS Intensity (CS) 
UCS Intensity (UCS) 
CS X UCS 

Within groups (error) 
Total 


"Pr < MA. 
* Error estimate. 


300-565 Msec. 150-565 Msec. 


Voluntary CR Voluntary 
F F F 


8.74* 
36.48* 
6.29 
(65.64)* 


3.84 | 0.31 
32.36* | 42.90* 
4.78 0.31 


(24.20)* | (191.32) 


| 
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trial, with Groups 2 and 4 showing 
little change in performance over the 
30 trials. 

In Fig. 2, the performance curves 
for the strong UCS condition are 
also presented. Groups 5 and 7 
show fairly orderly extinction curves. 
However, Groups 6 and 8 show little 
change in performance as a function 
of increased extinction trials. It can 
be seen that the strong UCS had the 
effect of increasing the number of 
anticipatory responses during extinc- 
tion, since all groups under the strong 
UCS are superior in performance to 
those under the weak UCS. 

The results of an analysis of vari- 
ance performed on the number of 
anticipatory responses in the interval 


een 
GRouP 5 wws* 
GROUP 6 WSS 
GROUP 7 SSS 
GROUP 8 SWS 





” 
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Fic. 2. Mean percentage of responses in 
the interval 150 to 2500 msec. during extinc- 
tion per block of 6 trials as a function of CS 
and UCS intensity. In the legend, the first 
letter stands for CS intensity during acquisi- 
tion (W = weak, S = strong). The second 
letter stands for CS intensity during extinc- 
tion. The third letter UCS 
intensity, 


stands for 
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TABLE 4 
ANALYSIS OF VARIANCE OF TOTAL NUMBER OF 
ANTICIPATORY RESPONSES IN THE INTER- 
VAL 150 To 2500 MSEC. AFTER CS 
ONSET DURING EXTINCTION 
FOR THE EIGHT GROUPS 





Source 
Intensity, Acquisition (CS-A) 
Intensity, Extinction (CS-E) 
JCS Intensity (UCS) 
> x UCS 


_ 
a 


( 

( 

l 
CS-A 
CS-A 
UCS 
( 

\ 


Vithin groups (error) 
Total 


oP < MB. 


150 to 2500 msec. after CS onset dur- 
ing extinction are summarized in 
Table 4. Analysis of the between- 
groups variance showed that UCS 
intensity was the only reliable de- 
terminant of response strength during 
extinction, with CS intensity having 
no significant effect on performance. 

A simple analysis of variance was 
done using the same criterion for an 
anticipatory response as that used 
during acquisition, i.e., any response 
which occurred in the interval 150 
to 565 msec. after CS onset. Since 
the, between-groups variance was not 
significant, no further analysis of 
these data was undertaken. 


DISCUSSION 


Acquisition.—The acquisition results 
of this experiment have provided clear- 
cut evidence of a positive effect of CS 
intensity on performance and are there- 
fore consistent with a part of Hull’s pos- 
tulate of stimulus intensity dynamism. 
In eyelid conditioning, CS intensity 
has not previously been shown to influ- 
ence response strength. It was pointed 
out earlier that the negative findings 
of these studies may have been related 
to the level of the UCS employed. In 
this experiment, the main hypothesis 
that CS intensity would have a greater 
effect on performance under strong 
UCS intensity than under weak UCS 
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intensity was not clearly verified since 
the CS XK UCS interaction was not 
significant. However, the fact that the 
difference between strong and weak 
CS intensity was significant under the 
strong UCS but was not reliable under 
the weak UCS is at least consistent with 
the hypothesis. Further evidence that 
UCS intensity may be one of the condi- 
tions which influences the effectiveness 
of CS intensity on behavior comes from 
the results of the analysis based on 
the first 50 trials. Although significant 
at only the .10 level, this result at least 
suggests that the interaction between 
CS and UCS intensity may be a real 
effect. 

It may be seen from Table 1 that 
response strength is more determined by 
UCS intensity than CS intensity. The 
finding that a strong level of UCS reliably 
facilitated performance is consistent 
with previous studies (Passey, 1948; 
Spence, 1953; Spence & Taylor, 1951) 
which have shown UCS intensity to 
influence acquisition of the conditioned 
eyelid response. Since the effect of CS 
intensity on performance is relatively 
small, a greater number of Ss is required 
in order to demonstrate it than in the 
case of UCS intensity. This may be 
related to the fact that the results of 
studies on UCS intensity in eyelid condi- 
tioning have been more consistently 
positive than those on CS intensity. 

The analysis of responses by form 
showed that the tendency toward an 
interaction between CS and UCS in- 
tensity appeared to be due almost 
entirely to the voluntary form responses, 
and did not seem to depend on latency. 
The analysis also showed that for CS 
intensity, the important factor is the 
latency of the response rather than the 
form. CS intensity influenced both 
voluntary form and CRs in the short 
latency, but not the longer latency 
interval. The finding that CS intensity 
affected the short latency responses but 
not the longer latency responses is in 
agreement with the results of a previous 
study of the eyelid response (Taylor, 
1954). Further evidence that the short 


and long latency responses may be 
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subject to different laws is the finding 
that UCS intensity had a reliably greater 
effect on the longer latency responses 
than the short latency responses. A 
2 X 2 X 2 factorial analysis with UCS, 
CS, and latency as variables yielded 
significant values for the three main 
variables and a significant UCS X La- 
tency interaction (P < .01). The short 
latency responses did, however, behave 
like the longer latency responses in 
showing a significant increment during 
acquisition under the strong CS-UCS 
condition as indicated by an analysis of 
trend (Lindquist, 1947). It is difficult 
to evaluate these results since there 
has been no systematic study of the 
variables which influence the differen- 
tiated form and latency responses. The 
results of the present experiment, how- 
ever, suggest that such an investigation 
may prove worthwhile. 

Extinction.—Since the extinction re- 
sults showed that CS intensity during 
acquisition had no differential effect 
on performance, this indicated that there 
was no reliable effect on learning or 
habit strength. This interpretation is 
possible because the factorial design 
used ruled out differential effects of CS 
intensity on response strength. The 
present experiment, therefore, offers no 
support for the part of Hull’s stimulus 
intensity dynamism postulate (V,) which 
specifies that CS intensity affects habit 
strength. 


Although the acquisition results sup- 
ported the stimulus dynamism prediction 
that CS intensity would affect perform- 
ance or reaction potential, the extinction 
results did not, since the variance asso- 
ciated with CS intensity during extinc- 


tion was not significant. It is difficult 
to explain why CS intensity should affect 
acquisition but not extinction of a CR. 
Kessen (1953), who reported a similar 
finding in an instrumental conditioning 
situation, suggested that the decreased 
drive resulting from omission of the UCS 
during extinction could have been a 
factor. In this experiment, however, 
such an explanation is inadequate. The 
UCS was presented on all extinction 
trials and that the drive level was main- 
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tained can be inferred from the signifi- 
cant difference in performance under 
strong and weak UCS during extinction. 

The gradual, continuous decrease in 
performance which McAllister (1953) 
obtained was shown only by the two 
groups under the strong UCS in which 
CS intensity remained the same from 
acquisition to extinction. Since the two 
groups in which CS intensity was shifted 
failed to show the expected decrement 
it may be that shifting CS intensity 
reduced extinction. Another possibility 
is that the gradual response decrement 
did not appear for the shifted groups 
because of a depressed response level 
at the outset of extinction associated 
with stimulus generalization. On the 
first extinction trial the shifted groups 
were reliably inferior in performance to 
the nonshifted groups. 

The lack of a general decreasing trend 
in performance for the groups under 
the weak UCS is understandable in view 
of McAllister’s finding that for the 2500- 
msec. interval employed there is a ran- 
dom response rate of about 40%. Since 


in the present study the groups under 


the weak UCS began extinction with 
low performance levels of 40-50%, there 
was little opportunity for extinction in 
these groups. Under the strong UCS 
condition the groups showed a response 
level considerably higher at the end of 
extinction than the 40% random rate 
obtained in the McAllister study. There 
was a methodological difference between 
the two studies since McAllister used 
a partial reinforcement procedure with 
20% test trials during acquisition and 
extinction where the UCS was omitted, 
whereas in the present study the UCS 
was presented on all trials. It seems 
unlikely that this could have accounted 
for the higher final response level in the 
strong UCS groups in the present study 
since partial reinforcement has consist- 
ently increased resistance to extinction 
(Jenkins & Stanley, 1950). It appears 
more reasonable that the higher per- 
formance was associated with increased 
drive resulting from the stronger UCS 
employed in the present study. 
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Although the acquisition results of 
this experiment were consistent with the 
stimulus intensity dynamism postulate, 
the extinction results offered little sup- 
port for it. To the extent that the 
finding of a CS intensity effect on per- 
formance during acquisition could not 
be duplicated during extinction, it would 
appear that the extinction data may not 
have provided a fair basis for evaluating 
that part of the hypothesis which con- 
cerns habit strength. 


SUMMARY 


The present experiment investigated the 
effect of CS intensity on acquisition and 
extinction of the conditioned eyelid response 
under different levels of UCS. 

Eight groups of 20 male Ss each, were 
given 80 acquisition trials under four different 
stimulus conditions: weak CS—-weak UCS; 
strong CS-weak UCS; weak CS-strong UCS; 
strong CS-strong UCS, with two groups 
under each condition. Each group was then 
administered 30 extinction trials with the 
CS-UCS interval shifted from 500 to 2500 
msec. All groups received the same UCS 
intensity as during acquisition with four 
groups receiving the same CS intensity as in 
acquisition and the other four groups being 
shifted from either weak to strong, or strong 
to weak CS intensity. 

The results showed that CS intensity 
reliably influenced response strength during 
acquisition. CS intensity affected the short 
latency, voluntary form, and conditioned 
responses, but not the longer latency re- 
sponses. The latter, however, were more 
influenced by UCS intensity than the former. 
There was some evidence that CS intensity 
had a more pronounced effect on perform- 
ance under a strong UCS than under a weak 
UCS. This effect was restricted to the volun- 
tary form responses. The extinction results 
showed no evidence of an effect of CS in- 
tensity on either learning or performance. 
However, performance during both acquisi- 
tion and extinction was a function of UCS 
intensity. 

In general, the results of this experiment 
supported the part of Hull’s stimulus dy- 
namism principle which postulates an effect 
of CS intensity on response strength. There 
was, however, no evidence of an effect of CS 
intensity on. learning as distinct from per- 
formance. 
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TRACKING PERFORMANCE ON A SEQUENCE OF STEP 
FUNCTIONS WHICH APPROACHES A CONTINUOUS 
FUNCTION AS A LIMIT! 
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Ohio State University 


A number of previous studies 
(Battig, Gregg, Nagel, Small, & 
Brogden, 1954; Battig, Voss, & Brog- 
den, 1955; Craig, 1949; Craik, 1948, 
Ellson, Harris, & Craig, 1949; Ellson & 
Hill, 1948; Ellson & Wheeler, 1949; 
Hartman & Fitts, 1955; Searle & 
Taylor, 1948) have undertaken to 
relate stimulus amplitude and _re- 
sponse amplitude in tracking tasks. 
In particular, the Battig studies 
investigated the effect of an increase 
in frequence of target intermittency 
on tracking error and found in the 
later study (Battig, Voss, & Brogden, 
1955) a linear relation between this 
increase and proficiency of tracking. 


The present study investigates pur- 


suit tracking performance as_ the 
discrete movements of a target on a 
cathode ray oscilloscope (CRO) in- 
crease in number and decrease in 
amplitude. The discrete target move- 
ments approach the limiting continu- 
ous movement in a manner analogous 
to a discrete function D, (x) uniformly 
converging to some continuous func 
tion C(x), where m represents the 
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number of steps, and x the displace- 
ment of the target with respect to the 
center of the display. 

Two important differences between 
the Battig et al. studies and our own, 
which affect the extent to which 
results may be compared, are: (a) the 
use of a step function rather than an 
intermittent function does not entail 
possible influences on the response by 
factors such as brightness or stimulus 
perseveration associated with inter- 
mittent stimuli, and (b) the present 
experiment systematically varies the 
frequency of the underlying target and 
also includes a random target condition 
in order to provide more information 
about the generality of the relation 
between stimulus discontinuity and 
tracking error. In comparing the 
Battig et al. limiting target, which was 
dependent for perceptual continuity 
on a rate of intermittency in excess of 
the fusion rate, with our continuous 
target, there is little or no reason to 
believe that these two modes of presen- 
tation would, in and of themselves, 
affect tracking error differently. 


METHOD 


Apparatus.—The apparatus used in this 
study is depicted in Fig. 1. The continuous 
function generator consisted either of a Hew- 
lett-Packard variable-frequency oscillator or 
of a gas-tube random signal generator with 
mean frequency of 10 cpm. Under continuous 
conditions the output of the function gen- 
erator was fed directly to the mixer, and from 
thence to the display and scoring circuits, 
while under discrete conditions it was intro- 
duced into the quantizer, which broke the 
signal up into particular amplitudes and 
distributions of steps. Components including 
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Fic. 1. Flow diagram of the apparatus. 


and to the right of the mixer in Fig. 1 are 
those of Electronic Pursuit Apparatus (EPA) 
Ill, an earlier version of which has been 
described in detail elsewhere (Warren, 
Fontaine, & Clark, 1952). In the present 
application EPA was used to present the 
target and cursor signals on a 5-in. cathode 
ray oscilloscope (CRO) and to generate 
various measures of the discrepancy (error) 
between the two signals. The target on the 
CRO appeared as a line 18 mm. long and .5 
mm. wide, and moved horizontally across 
the face of the scope. The top of the cursor 
line was displaced 10 mm. below the top of 
the target line and was of similar dimensions. 
Together, when in alignment, they formed 
a line 28 mm. long. The surface of the CRO 
was about 28 in. from S, 10° below eye level, 
and perpendicular to the line of sight. The 
target and cursor were painted on the display 
by a 200-cps time-sharing switch. Except 
for large discrete jumps, this produced no 
stroboscopic effects. 

The room in which S served was dimly 
illuminated. Specular reflection from the 
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CRO was eliminated by means of Polaroid 
filters. The S sat in a chair which could 
be adjusted for height. The elbow of his 
right arm rested on the pivot point of a 
horizontal lever and his fingers grasped a 
knob at the end of the lever. Attached to 
the control was a potentiometer. The voltage 
this potentiometer determined the 
position of the cursor on the CRO. A maxi- 
mum movement of the control 40° to the 
right or left corresponded to a movement 
of the cursor on the CRO of 1.5 in. to the 
right or left, respectively. The arm control 
was of light construction, and was not spring- 
centered. 

Included in the scoring circuits was an 
amplitude analyzer (Erdman, Fontaine, & 
McConnell, 1959) designed to record the 
amplitude distribution of errors generated 
by S when attempting to track the target. 
This device breaks a continuous error func- 
tion (a voltage signal) down into a discrete 
amplitude distribution by measuring the 
error voltage at .1-sec. intervals and recording 
a count, proportional to the amplitude 
category of this voltage, on a cumulating 
counter corresponding to that particular 
amplitude. 

Normally, this apparatus recorded errors 
to the left and to the right of the target in 
appropriate counters. However, it was 
possible to throw a switch so that the ap- 
paratus would record errors which were de- 
pendent upon the direction of the target 
for all signals which did not change direction 
between points of maximum excursion. When 


across 


TABLE 1 


DESIGN OF THE EXPERIMENT 


Number of Steps 
into Which Range 
is Divided 


Distribution of 
Discrete Step 
Inputs 


10 cpm 


Equal 


12 Equal 


Continuous 





Frequency of Signal 


an | 
Triangular | Random 


2C cpm 30 cpm | 
T-2-0-20 T-2-0-30 | 


10 cpm 


R-2-0-10 


T-4-1-20 
T-4-2-20 
T-4-3-20 
T-8-1-20 
T-8-2-20 
T-8-3-20 
T-12-0-20 


T-C-0-20 


T-12-0-30 





T-C-0-30 
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this switch was in the lead-lag position, it 
recorded counts in one band of counters 
when S was ahead of (led) the target, and 
in another bank of counters when S was 
behind (lagged) the target. On odd-num- 
bered trials this switch was in the lead-lag 
position, and on even trials in the left-right 
position. 

Subjects.—Five naive Ss were used. All 
were male, right-handed students who 


received hourly wages. 

Design.—The experiment consisted of 36 
All Ss served six times in each 
The 36 conditions are presented 


conditions. 
condition. 
in Table 1. 

As indicated, two types of underlying 
signals were used—a random signal and a 
triangular signal. The triangular signal was 
used because the average increment of its 
corresponding step input is linearly related 
to the theoretical error between continuous 
and discrete signals. The random signal 
had a normal distribution of amplitudes and 
its power spectral density was peaked at 
10 cpm. The frequencies of the triangular 
signal were 10, 20, and 30 cpm. The range 
of both functions was divided into 2, 4, 8, 
and 12 discrete steps, or was continuous. 
For 4- and 8-step functions, one of three 
distributions of the steps (relative to the 
mean increment size) was used. The sets 
of numbers and letters in the cells of the 
design (Table 1) give the code by which the 
individual conditions were designated. In 
each cell, the first position refers to the wave 
form (“T” for triangular, and “R” for 
random). The second position refers to the 
number of steps into which the signal is 
quantized. When a continuous function is 
used, a “‘C”’ stands in the second place. The 
third position refers to the particular distribu- 
tion of increments used in quantizing the 
function. If all the increments were equal, 
an ‘‘O”’ is in this position. The last position 
refers to the frequency of the underlying 
function in cycles per minute. Thus, for 
example, T-8-2-20 refers to the triangular 
eight-step, second distribution, 20-cpm func- 
tion. In the bottom row of Table 1, the 
distribution index (0) can be ignored since 
the functions are continuous. 

In the distribution of the amplitudes of 
the step inputs for all numbers of discrete 
inputs used in this study, the same maximum 
excursion was maintained. The amplitudes 
of the step inputs were all equal for the 2-step 
and 12-step conditions. For the 4- and 8-step 
conditions, however, a variety of distributions 
was used. 
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Procedure.—When S first reported to the 
laboratory he was seated on S’s stand facing 
the CRO, and given the following instructions: 


On the scope in front of you are two 
signals. One is moving. We will call it 
the target. (The target was T-C-0-10, 
Table 1.) The other is stationary. We 
will call it the cursor. Now take the 
handle in your right hand. Make your 
arm comfortable. Now note that you 
can move the cursor by moving the arm 
control. (E£ moved S’s arm back and 
forth to demonstrate, making a rough 
effort to track the target. After a few 
seconds, he removed S’s hand from the 
control.) You will see several different 
kinds of targets: some will be chopped 
up and some will move smoothly; some 
will move faster than others. Your job 
is to keep the horizontal distance between 
the target and cursor at a minimum at all 
times. Each period will be just over a 
minute long, and at the start of each 
period. I will say ‘ready,’ from the next 
room, and if you say ‘yes,’ we will begin. 
Any questions? 


Each trial was of 65-sec. duration, the 
first 5 sec. being an unscored warm-up period. 
Between trials S rested 2 min., except that 
he was permitted two 10-min. breaks in a 
day’s run. Each S served for an average of 
27 trials each day, or a little less than 2 hr., 
including rest periods. This continued for 
eight days. During the experiment each S 
went through each condition six times. The 
order each time was random with the obvious 
restriction that conditions were not repeated 
until S had served in all 36 conditions an 
equal number of times. 

Measures.—The theoretical error between 
the periodic step function and the continuous 
function was derived as follows: The distance 
between the step function and the continuous 
function was squared and its definite integral 
with respect to time computed. After 
averaging, the square root was then taken. 
The result is symbolized by E = (u2)* where 
ue is the usual symbol for the second moment 
about the origin which, in this case, was taken 
as the continuous signal. 

On every trial two voltage readings were 
taken. The first represented the voltage 
difference between the cursor and the target 
(T) squared and integrated over the last 60 
sec. of each trial. The second reading repre- 
sented the squared and integrated voltage 
difference between the cursor and the under- 
lying continuous function (C). When S was 
tracking the continuous function the two 
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voltage readings should have been the same, 
but because of limitations of the scoring 
circuits it was not possible to maintain this 
condition for ail input voltages. Conse- 
quently, a curve relating the two circuits 
was plotted as a function of input voltage, 
and from it the two voltmeter readings were 
adjusted so that the scale factors were the 
same for both scores. This curve was linear 
over most of the range. 

The first score is represented by Ey and 
the second one by Ec. Symbolically, if the 
difference between the signal and cursor at 
Time t is er or ec, the condition (T or C) 
and time interval over which the score is 
integrated by Ir or Ic, then: 


f i 
Jr er(t)dt 

E + Bea = (puo,C)! 
Ir a ate 


where t stands for time. Similarly, 


4 
f ect(t)dt | 


Ec = (u2,C)? 





A 


Note that neither Er nor Ec is strictly rms 
error unless S’s error is centered about the 
target. 

The two voltage readings were then con- 
verted to inches measured on the face of the 
scope. This was possible through a knowledge 
of the constants of integration for the meters. 
Such a conversion of scores was linear. As 
a further check on the accuracy of the con- 
version, the converted scores were compared 
with similarly defined scores computed on 
the basis of the amplitude analyzer data. 
The average absolute difference between the 
converted meter scores and the scores based 
on the amplitude analyzer for a sample of 
scores was 4.57%. The average error of 
comparison for this same sample was .39%. 

Amplitude analyzer data were collected 
on every trial. For the random function this 
entailed the recording of errors to the left or 
right. For the triangular function, on even- 
numbered presentations of the conditions, 
left-right errors were recorded, and on odd- 
numbered presentations of the conditions, 
lead-lag data were collected. Graphic 
records were taken periodically of target, 
cursor, and error voltages in an effort to 
determine at what number of steps (if any) 
S changed from one mode of responding 
(i.e., continuous or discrete) to the other. 


RESULTS 


taken 
results 


Although 
throughout 


measures 
the six 


were 
cycles, 
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reported are based only on the last 
five complete cycles when S was 
highly practiced. Because of this, 
the error term was small enough to 
permit the use of parametric pro- 
cedures when needed. Since, how- 
ever, Wilcoxon’s paired replicates 
test was appropriate to many situa- 
tions in which it was desired to test 
differences, this nonparametric test 
was the most extensively used. As 
too many of the scores for R-2-0-10 
(the 2-step condition with a random 
underlying signal) reached the maxi- 
mum of the scoring devices, the scores 
obtained for that condition seriously 
underestimate the true scores. This 
was not true of any other conditions. 
Therefore, R-2-0-10 was not included 
in the analyses. Whenever a result 
is referred to as significant, the .05 
level may be assumed. 

Figure 2 shows the average error 
(Er) with respect to target as a 
function of the target step size (@). 
Results are very similar for the error 
(Ec) with respect to the underlying 
continuous signal. In the figure the 
three distributions of step input 
amplitudes have been averaged for 
both 4- and 8-step conditions. Be- 
cause of the concern in this study with 
the approach to a limit, it is relevant 
to raise the question as to whether 
or not the findings are specific to the 
type of distributions used in these 
conditions. The conclusion seems to 
be negative on several grounds. First, 
it might be suspected that an even 
distribution, because of its closer 
approximation (smaller E) to the 
continuous triangular function, would 
lead to smaller error scores. Ap- 
proximation to the underlying con- 
tinuous function did not, however, 
linearly order the resulting error 
on the different distributions. This 
held for both Ey and Ec. Further- 
more, using Wilcoxon’s paired repli- 
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cates test and considering only those 
pairs which have the same underlying 
continuous distribution, of the 24 
pairs which were tested only two 
showed significant differences. These 
were both for 4-step conditions. 
Furthermore, with the data upon 
which Fig. 2 is based, when linear 
functions were fitted to the data 
points without first averaging the 
values obtained for different distribu- 
tions, no significant differences were 
obtained between the obtained slope 
or intercept estimates when Wil- 
coxon’s paired replicates test was 
used. It will also be recalled that the 
data underwent a number of trans- 
formations before being fitted with 
linear functions. Only one of these 
for one meter, however, could have 
altered the values so that they could 
be better described by a linear func- 
tion. The unaltered scores obtained 
from this meter (for Ec) were plotted 
and fitted with linear functions. As 
was found with the transformed 
scores, the data points could be 
described by linear functions with the 
error substantially between 2% and 
3%. Thus there are a number of 
strong reasons for believing that the 
functions obtained are estimates of 
general relation, and are not dependent 
upon the precise distribution of steps 
in the discrete function. 


Cont nuous P 
nput Number of Discrete inputs 
? e J 


; 


s—- Random Signal 

“—2 Triangulor Signal 1Ocpm 
O—»y Triangular Signal 20cpm 
&—« Triangular Signal 30 cpm 





— n —— 4, 4 
Contimenes T TS 2 2 or) 


input fwerage Amplitude (@) of Step input in 

Fic. 2. Average error (Er) with respect 

to target as a function of step input ampli- 
tude (@). 
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In Fig. 2 all of the sets of points 
corresponding to a single underlying 
continuous signal have been fitted 
with linear functions. A least-squares 
technique was not used for two rea- 
sons. It was felt that some of the 
extreme deviations could as easily be 
the result of apparatus malfunction- 
ing as a result of the behavior of Ss. 
Data immediately preceding any ap- 
paratus failure were not included, but 
this precaution was undoubtedly not 
foolproof. Second, it was felt that 
since curves were being fitted to the 
data of individual Ss before being 
averaged, the least-squares method 
would add unduly to the variance 
and affect the final estimates some- 
what more. Therefore, the method 
of successive differences was used. 

Two points emerge from inspection 
of Fig. 2. The first is that both the 
slope and intercept of the function 
describing performance on the random 
signal conditions are greater than 
these constants for the triangular 
conditions. This difference was sub- 
stantiated by Wilcoxon’s paired repli- 
cates test, using trials as the basis 
for matching scores. In both cases, 
that triangular function which led 
to performance closest to that on the 
random conditions was used for 
comparison. 

The second point is that the slope 
of the function fitting the 10-cpm 
triangular signal data is greater than 
the slope of the function fitting the 
30-cpm data. This difference was 
tested in a similar way and found to 
be significant. Since these two func- 
tions intersect at 1.75-in. step ampli- 
tude, it follows that opposite relations 
between frequency of the underlying 
continuous signal and error obtain 
to the left and to the right of the 
intersection ; that is, for lower ampli- 


tudes, increasing signal 


frequency 
10-cpm to 30-cpm_ increased 


from 
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error, while for higher amplitudes 
the frequency increase resulted in 
lower error. 

The distribution of errors.—The 
distributions of errors obtained from 
the amplitude analyzer indicated two 
things: (a) that for all conditions Ss 
were on the average to the left of the 
target, and (6) that for all triangular 
conditions Ss were leading the target 
with respect to its prevailing direction 
(Fig. 3). Lead and lag information 
was not determined for the random 
functions because of an instrument 
limitation. Significance levels indi- 
cated on Fig. 3 were determined by 
conducting sign tests on the equality 
of distribution frequencies in certain 
critical zones of counters. A dash 
adjacent to a function indicates that 
the effect of increasing the number of 
steps was nonsignificant at the .05 
level. The two significance levels 
indicated by vertical arrows are 
associated with similar sign tests to 
detect distributional differences at- 
tributable to frequency for these 
functions. The conversion from the 
distributional frequencies to inches 
on the CRO was accomplished by 
reducing the apparent mode of a 
particular distribution to a counter 
number, then referring to a conver- 
sion table computed from previous 
calibration data. When distributions 
were multimodal, they were smoothed 
by fitting a polynomial, and the 
apparent mode was then taken as the 
counter number nearest to the curve 
maximum. 

Figure 3 shows that the mean 
amount of lead increases with the 
number of steps, but the levels of 
significance between adjacent incre- 
ments make it difficult to ascribe a 
single uniform function to this rela- 
tionship. In fact, it would appear 


that for relatively low step numbers, 
frequency does not order the amount 





Leod in inches on CRO 











12 
Number of Steps 
Fic. 3. Lead on the CRO display as a 
function of the number of steps. The decimals 
adjacent to the functions indicate the out- 
come of sign tests of the distributional 
differences in selected groups of counters. 


of lead, while for relatively high step 
numbers (including the continuous 
case) there is a significant effect of 
frequency on lead. On the other 
hand, the number of steps appears to 
exert a_ significant effect on the 
amount of lead, almost regardless of 
frequency. In particular, the 4-step 
function appears to be 
with the smallest lead. 

A remarkably consistent relation- 
ship appeared in comparison of error 
distributions for 4-, 8-, and 12-step 
random and triangular step functions. 
For the 2-step and continuous func- 
tions, consistent differences between 
the two types of functions did not 
appear. For the others the random 
function clearly shifted errors to the 
left of the target—significantly further 
to the left than for the triangular 
function. 


associated 


DISCUSSION 


The findings indicate that over the 
sequence of experimental conditions the 
relationship between average amplitude 
of the step input and the particular error 
measure selected was linear. Put an- 
other way, as the sequence of step inputs 
more closely approximated the under- 
lying continuous signal, the error meas- 
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ure approached the limiting error. The 
limiting error was, of course, well above 
zero—that is, Ss responded to neither 
discrete nor continuous targets with 
perfect accuracy. 

The effect of change in frequency 
upon S’s ability to track the periodic 
function was merely to change the slope 
of the linear function. Moreover, for 
two very diverse underlying signals 
(triangular and random) the form of 
the error function remained the same; 
i.e., the form of the approach to the be- 
havioral limit within these conditions was 
independent of the character of the limiting 
signal. Thus, for the measure used, 
the extent to which S could track a 
discontinuous signal could be predicted 
simply by a knowledge of his perform- 
ance on the corresponding continuous 
signal and the slope constant of the 
linear function. Moreover, this com- 
mon property to both periodic and 
random signals emerges despite the 


unsurprising fact that use of the random 
input clearly degrades performance with 
respect to the periodic input. 

There is evidence, e.g., from graphic 


records, that even at eight steps with 
the high-frequency periodic signal Ss 
make distinct responses. Yet not until 
the number of steps is reduced to four, 
does the particular distribution of a 
fixed number of steps across the tracking 
range appear to have any differential 
influence on error. This means that S 
can compensate without degradation of 
his response, for variation in the positions 
of discrete stimuli along the underlying 
path, up to some limit (here, apparently, 
four steps). What the determinants are 
of this “limit,’’ beyond which S loses 
ability to “‘smooth” the function equally 
well for all distributions, is a question 
open to speculation. Taylor (1948) has 
stated that he believes Ss develop sets 
for responding to the average size of 
error (average amplitude) and that this 
influences all of his responses in the 
direction of the average. A number of 
later investigations (Craig, 1949; Ellson 
& Hill, 1948; Ellson & Wheeler, 1949) 
have confirmed this, one of them (Ellson 
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& Wheeler, 1949) showing that the 
effect is due to the range and not to 
the absolute amplitudes of the step 
inputs. These findings would seem to 
indicate that Ss, by overshooting small 
amplitude inputs and undershooting 
large amplitude inputs, would increase 
their error. The Taylor theory appears 
to be confirmed in the case of the 4-step 
function. The larger errors were found, 
in our experiment, in both cases for the 
more irregular distribution—where the 
signal appeared farther from the average 
signal, and also from the corresponding 
position of the underlying signal. 

In an effort to correlate the lead-lag 
errors of Fig. 3 with the integrated error 
of Fig. 2, we offer the postulate that for 
small to moderate ranges of increment 
size, S minimizes his errors as target 
difficulty increases by increasing his 
lead on the target. Under this general 
hypothesis, the following points arise: 


1. The fact that at two steps error is 
greater than at four, while lead is also greater, 
can be attributed to the fact that between 
the two extremes of the 2-step function there 
were almost 100° of arm movement, which 
meant that to keep zero error, S would have 
had to stay on the target at one extreme, 
then move instantaneously to the other 
extreme. Since this is impossible S is con- 
fronted with two alternatives—either to stay 
with the target until it moves, thereby 
accepting a lag error with every movement, 
or to try to anticipate by a fraction of a 
second when the target will move. That S 
chooses the latter course in the absence of 
instructions as to lead-lag behavior is clear 
from the data. While his error is maximal 
under this extreme condition it may very 
well be that within the condition, the antici- 
patory or lead response is still the most 
efficient—i.e., produces less error than any 
other mode of response. An obvious experi- 
mental check on this inference is to instruct 
two groups of Ss differently: the first to 
anticipate when the target will move by 
taking a lead on it just before it moves, as Ss 
appear to have done in this study, and the 
second to stay on the target at all costs until 
it moves. 

2. The decrease in lead from eight steps 
to twelve for 10- and 20-cycle targets, 
corresponding to the decrease in error, is 
together with graphic records interpreted by 
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Es as demonstrating that the mode of response 
changes from discrete to continuous across 
the step change 8 to 12. Because of the 
deliberate omission of instructions relevant 
to continuous versus discontinuous respond- 
ing, it is concluded that the optimal mode at 
eight steps for the two lower frequencies was 
still discrete, while it was continuous for the 
30-cycle target. At 12 steps, the optimal 
mode appears to have been continuous with 
a lessening of lead. At this number of steps, 
no discrete element could be detected in the 
graphic record for any S, for any frequency. 
3. The discrepancy between the 30-cpm 
function and the 10- and 20-cpm functions 
at 12-step and continuous values of the 
argument (Fig. 3) corresponds to the finding 
already discussed (Fig. 2) that 30-cpm error 
appears to be slightly greater for these argu- 
ments. Since the targets are more difficult 
to track, S evidently increases his lead, and, 
as above, thereby reduces his error to a 
minimum for that particular target. 


It is obvious, therefore, that explicit 
confirmation of the hypothesis that S 
improves his performance by leading the 
target must be contingent upon use of 
targets of equal difficulty, while con- 
straints are experimentally imposed upon 


lead and lag behavior. 

One further key to the interpretation 
of the lead results is the singular rela- 
tionship indicated above that as the 
target increases in difficulty, S ap- 
parently stays increasingly to its left. 
Our hypothesis here is that S puts most 
of his lead into the cursor during flexion. 
(Right-handed Ss flex to the left.) This 
notion is clearly complementary to the 
theory that leading the target improves 
performance, since we know that flexion 
responses are, in general, anatomically 
easier to control. Since we were unable 
to make comparisons of lead-lag and 
left-right distributions on the same trial, 
the experimental accreditation of this 
hypothesis is not entirely established. 


SUMMARY 


The relation between error in tracking 
a continuous function and error in tracking a 
discrete function which approaches the 
continuous function in the limit was ex- 
amined. Random and periodic targets were 
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presented to five Ss, and response measures 
included root-mean-square error between 
target and cursor, as well as between cursor 
and the limiting continuous function. Also 
measured were average lead—lag error of the 
cursor with respect to the target, and average 
left-right error of the cursor with respect 
to the target. Results indicated that as the 
number of steps is increased, the error meas- 
ure chosen on the discrete targets linearly 
approached that associated with the limiting 
continuous target. This linearity was vir- 
tually independent of frequency or whether 
the limiting function was periodic or random. 
The Ss on the average led the target under all 
conditions, and were also to the left of the 
target on the average. The relation of these 
results to the previous finding was interpreted 
as indicating that S minimizes his error by 
leading the target, and that this is especially 
pronounced during flexion of the control arm. 
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The purpose of this study was to 
make an experimental inquiry, by the 
use of the multidimensional scaling, 
into the possibility that differences 
perceived among colors would be 
adequately represented by distances 
in a real Euclidean space. Here, by 
color differences, not only ones slightly 
above the difference limen but also 
supraliminal ones of considerable de- 
gree are to be understood. 

As is well known, in the Munsell 
system, a surface color is specified 
by a point in a solid in which cylin- 
drical coordinates represent, by defi- 
nition, the principal attributes of 
colors. Any horizontal section through 
the solid is defined as a plane of 
constant lightness (Munsell value), 
while any vertical plane originating 
at the achromatic axis represents a 
plane of constant hue, and a cylin- 
drical section concentric with the axis 
constitutes a surface of constant 
saturation (Munsell chroma). The 
scaling units for the three attributes 
are defined so that equal distances on 
each of the hue, chroma, and value 
scales would represent equal observed 
visual intervals of that attribute. 
Then, one question will arise. Sup- 
pose that two colors are given which 
are respectively 5R 6/2 and 5R 4/8 
in the Munsell notation. It is obvious 
that these colors differ by 2 units 
in value and by 6 units in chroma. 


It is not clear, however, how to repre- 
sent the total impression of difference 


1 This research was supported by a grant 
from the Ministry of Education, Japan. 
The authors are indebted to M. Matthewson 
for her helpful advice concerning English. 


between these colors. Is it given by 
the magnitude y(w,2)? + (w26)?? In 
the reports of the OSA subcommittee 
(Newhall, 1940; Newhall, Nickerson, 
& Judd, 1943) which examined the 
spacing of Munsell colors in detail, 
it was stated that no attempt was 
made to evolve a single scaling unit 
for the entire solid, or to equate the 
scaling unit for hue, value, and 
chroma. Hence, the relative size 
of these units, e.g., w; and we, is not 
known, although several tentative 
definitions of the relative size have 
been made (Godlove, 1951). Fur- 
thermore, it is not self-evident that 
the distance corresponding to the 
difference over more than one attri- 
bute is Euclidean in nature and 
also that value and chroma, for 
example, are to be represented by 
axes orthogonal to each other. 

The Euclidean character of the 
Munsell solid is tacitly assumed in 
various formulae to evaluate color 
differences quantatively (Judd, 1952). 
These formulae are regarded, in 
general, as applicable only to differ- 
ences among more or less similar 
colors. That means only the differ- 
ences slightly above the limen have 
been taken into consideration when 
experiments were undertaken to test 
the adequacy of the Euclidean model 
in the Munsell system. The same 
is true in experiments for developing 
a uniform tridimensional color scale. 
It has been of primary concern in 
these experiments to examine whether 
colors are arranged in a tridimensional 
array so that each color differs from 
each of its nearest neighbors by 
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perceptually equalamounts. Inshort, 

uniformity of the scale im the small 

Only has been the subject of the experi- 

ments, and little attention has been 

paid to uniformity of the scale in 

the large. 

Torgerson (1952, 1958) developed 
the method of multidimensional scal- 
ing and applied it to a set of nine 
Munsell colors all of the same red 
hue (5R) but differing from each other 
in value and chroma. For obtaining 
comparative distances among these 
colors the complete method of triads 
was used in his experiment. The 
experiment was repeated by Messick 
(1954, 1956) with different procedures 
for obtaining distances among colors 
again varying in value and chroma 
but kept roughly at 5R in hue. The 
results of the multidimensional map- 
ping were much the same in both 
experiments and the configuration of 
colors agreed closely with the Munsell 
system. Richardson (1938) obtained 
essentially the same results, though 
the procedures of multidimensional 
mapping were simpler than those of 
Torgerson and Messick. It is to be 
noted that color differences in the large 
play an important role in the multi- 
dimensional scaling. Torgerson and 
also Messick pooled the responses of 
a number of Ss and obtained a com- 
mon set of distances among colors to 
which the multidimensional scaling 
was applied. The close agreement of 
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however, might be qualitative as well 
as quantitative in nature. Employing 
the same nine colors as used by Tor- 
gerson, Indow and Shiose (1956) 
constructed the individual multidi- 
mensional configuration of the colors 
for each of three Ss. The configura- 
tions obtained were in good agreement 
with each other and also with the 
Munsell system. In this experiment, 
the nine colors were of the same red 
(SR) but varied in value and chroma, 
from 3 to 7 and 4 to 12 respectively. 
Variation in hue, from 6R to 6YR, was 
added to that in value and chroma 
in the experiment carried out by 
Shiose (1958). Tridimensional con- 
figuration of the colors was success- 
fully constructed in agreement with 
the Munsell system though the range 
of hue was rather restricted. In the 
present experiment, 21 colors were 
used which varied in hue and chroma 
over the widest possible range. The 


lightness was kept constant at 5 in 


Munsell value. As will be discussed 
later, among the basic postulates of 
the Munsell system the most ques- 
tionable one may be that hue is 
represented by a radius vector and 
chroma by a concentric circle in a 
Euclidean plane. 


METHOD 


Apparatus and stimuli.—A standard Color 
t and 21 colors? (j7 = 1, 2,..., 21) were 
presented simultaneously on a rectangular 


the final results with the Munsell _ 45 X 95 cm. Each of the 21 colors, 


system would, therefore, hold only 
in the responses of Ss as a whole 
but not necessarily in the responses 
of each S. It is open to question 
especially because both methods of 
scaling the distances presuppose het- 
erogeneity within Ss. That is to say, 
the existence of individual differences 
as to what Ss perceive between a pair 
of colors is requisite for the pro- 
cedures. Such individual differences, 


7 X 1.0 cm., was pasted on a piece of thick 
cardboard, 1.3 X 3.1 cm. The remaining 
part of the card was covered with gray paper 
(N 5). When the card was handled, the 
gray part was always picked up with a 
pincette which was covered by gray cloth. 
The standard color was also pasted on a thick 
cardboard, 1.0 cm. wide and 45 cm. long. 
This was always placed at the left side of the 
board. The S was seated in front of a table 
on which was the board. Gray cloth was 


2 The colored papers were obtained from 
Murakami Color Research Laboratory. 
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VALUE 5 


Fic. 1. Color stimuli in terms of Munsell 
hue and chroma. Concentric circles denote 
Chroma 2, 4, 6, and 8 respectively. Radius 
vectors are only for the sake of facilitating 
identification of colors. 


hung from the ceiling around the table. The 
same gray cloth was pasted on the board 
to cover its entire surface. Three fluorescent 


20-w. daylight tubes (Toshiba FL-SDL) 


evenly illuminated the surface of the board 


to 500 lux. Since the spectral energy dis- 
tribution of this light was known 
and the spectral reflectances of the colored 
papers were measured, it was possible to 
compute tristimulus values for the colors 
under this _ illumination. The Munsell 
designations were obtained from the tristimu- 
lus values through ‘the table of ICI equiva- 
lents of the recommended Munsell notation” 
(Newhall et al., 1943). Colorimetric data 
of the gray cloth were as follows; x = .305, 
y = .302, Y = 18.0, and 3.0P 4.8/1.0. A 
plot of the stimuli according to hue and 
chroma appears in Fig. 1 where radius 
vectors are introduced, just for the sake of 
convenience, to compare this configuration 
with those of the final results. In the Munsell 
system, for instance, 5Y is defined to repre- 
sent the yellow as a major hue. Nevertheless, 
the Vector Y in Fig. 1 is not located at 5Y 
but at approximately 7Y. The Munsell 
values of the stimuli were between 4.6 and 
5.0. 

Procedure.—On the gray board, a standard 
Color i (45 cm. long, 1.0 cm. wide) was placed 
along the edge of the left side (45 cm.). 
Parallel to the 95-cm.-long side, 21 rows were 
marked by gray threads on the board, and a 
Color j was placed in each row at its left end. 


source 
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That means, 21 colors made a column next to 
the standard Color i on its right side. The 
same one as the standard was included among 
the 21 colors. The S was told that this 
duplicate of the standard would always be 
present and that he should place it right 
beside the standard. Then S was required 
to move, one by one, each of the other 20 
colors to the right in the row according to the 
difference he observed between Color 7 and 
Color 7. For the purpose of furnishing S 
with a unit for moving the colors, a pair of 
gray cards, either N 5.0 and N 5.5 or N 5.0 
and N 4.5 were placed on the top of the board. 
The interval between the cards (.7 X 1.0 cm. 
each) was fixed at 3 cm. Should the differ- 
ence between this pair of grays be repre- 
sented by this distance (center to center), 
how far should the Color 7 be moved to the 
right to represent the difference between the 
Colors i and j? This was what S was in- 
structed to do (with full knowledge that 
distances would be measured from center to 
center in the strips), hence the method may 
be called the multiple-ratio judgment. Usu- 
ally, after having moved all the colors, S 
made subsequent changes in the positions 
of the colors by surveying the configuration 
of the colors made on the board as a whole. 
The final position of each color was thus 
found by a series of successive approxima- 
tions. The same color as the standard was 
always placed by S at the left end of the row 
and from this point the placement were 
measured in centimeters. Occasionally S 
required to move a color beyond the right 
end of the board. A supplementary board 
was added in such cases. Each of the 21 
colors took the place of the standard i in turn. 
The spatial order of the 21 colors in the 
column was randomized from trial to trial. 
Subjects—Four Ss participated in the 
experiment. All were normal in color vision. 
Id is the senior E and had served also as S 
in the previous experiment (Indow & Shiose, 
1956). On the other hand, K, O, and M had 
neither experience in an experiment of this 
kind nor special knowledge about the Munsell 
system. K and O were women students in 
the introductory psychology course and M 
was a housewife. They found, however, no 
difficulty in converting the color differences 
into the spatial distances as required, after a 
few trials. And they were so naive that no 
special emphasis was necessary to have them 
take an unanalytical attitude in observing 
the color differences. As each of the 21 colors 
took the place of the standard 7, one round 
consisted of 21 trials. Id repeated four 
rounds of the trials and the other Ss two 
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rounds, respectively. 
trials were run. 

Scaling procedure of the differences.—The 
first step of multidimensional scaling is to 
obtain scale values for the distances between 
all pairs of stimuli. It is important, however, 
that the subsequent multidimensional map- 
ping is not independent of the nature of the 
scale on which the distances are determined. 
The distances have to be determined, in the 
sense of Stevens (1951), on a ratio scale and 
not on an interval scale, because the choice 
of an arbitrary origin for the scale will affect 
the dimensionality as well as the nature of 
the space to account for these interstimulus 
distances (Messick & Abelson, 1956; Torger- 
son, 1952, 1958). For obtaining the dis- 
tances, Torgerson (1952, 1958) employed the 
complete method of triads, i.e., an extension 
of the method of paired comparison, and 
Messick (1954) used the method of successive 
intervals of a modified form. Either of the 
methods yields only an interval scale. Hence, 
they had to convert the relative distances 
thus obtained to the absolute ones by esti- 
mating the value of the additive constant. 
To choose the correct additive constant is 
not an easy task and its analytical solution 
is extremely tedious in computation (Messick 
& Abelson, 1956). In the previous experiment 
Indow and Shiose (1956) had to arrive at the 
absolute distances with the help of the 
estimated additive constant. Now this 
difficulty can be overcome by using the 
method of the present experiment, since 
the color differences are obtainable from the 
beginning on a ratio scale. 

As the result of the placement of a Color j 
by S, a spatial Distance x;; is obtained which 
should represent the observed difference 
between the Color 7 and the standard Color i 
in terms of an arbitrary Unit e;. The dis- 
tances xi; (j = 1,2, . . ., m) may be thought 
of as being expressed by the same Unit e 
because they are determined at a trial as the 
results of simultaneous comparisons with 
each other. However, in general, the Unit e; 
will not remain constant if the standard Color 
i varies. Although a pair of grays are given 
as a guide for converting the color differences 
into the spatial distances, as a matter of fact, 
the proportional constant of the conversion 
will be more or less affected by the total 
relations between the standard Color i-and 
the Color j (j = 1, 2,..., m). The differ- 
ences, in general, may be relatively small with 
a standard color and relatively large with 
another. In other words, the proportionality 
will be kept constant among x;;’s in so far as 
i is fixed, but not necessarily if i varies. Let 


In a sitting 10 to 14 
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us denote by 6;; the color difference between 
tandj. Hence, 


xiii) = bij; 


(1) 


The suffix in the parenthesis should be under- 
stood hereafter as indicating the unit in terms 
of which 6 is quantified as x. Let us arrange 
*xij@) in the form of the Matrix X. Then, 
taking arbitrarily kth row as a reference, let 
us consider the transformation 


[2] 


where x;;(%) means 4;; defined in terms of the 
unit of the kth row of X and by definition, 


Nij(k) = Xij(iyCik 


Ck 


ek 
Xij(k) = bijek ™ 6 ;e; , = Xij(i) € 


+ 
Hence, remembering 45), = dxi, 
given as follows, 


Cizx will be 


a [3] 
Xi k(i) 

where xzi(%) denotes the ith element in the 

kth row and xxi) the kth element in the 

ith row of X. The transformation [2] will 

be possible in as many ways as m, the number 

of rows of X. Taking the average 


1 


1 

. S + om 4 x as %;; 

Lij — E ayn ino (+2 ce = Xi ji) Ci [4] 
mk Nk 


(ci =1) 


and on account of Equation 3, 


Ne ei 


where @ is the average of e;’s. 
tions 1, 4, and 5, we have 


[5] 


From Equa- 


[6] 


and the whole observed color differences can 
be defined by a single common Unit @. Due 
to random errors, 2;; will be somewhat differ- 
ent from 2;; Hence, the mean of 2; and 2;;, 
i.e., djj, was used through the present study 
as the value of 6;; on the ratio scale. 

As stated previously, Id made four repeti- 
tions on each of x;;¢), and the remaining Ss 
made two repetitions. The average was 
taken as the element of the Matrix X, and 
d;; was obtained by the procedures described 
above for each S respectively. 

To see how small the discrepancy is in 
general between 2%;; and 2;; will serve as a 
criterion of consistency in the placements 
made by S. The correlation coefficients 
between the two were .98 for Id, .89 for K, 
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.93 for O, and .85 for M. Besides, the plots 
of 2;; with 2;; showed in all cases that the 
points plotted were scattered along the line 
passing through the origin with the slope 
of one. There was a high degree of consist- 
ency in each S to express 6;; as either xj;() 
or Xj. The criterion tells us nothing, 
however, concerning whether the relation- 
ship between x and 4 is really as simple as 
given in Equation 1. Even if 4;; is replaced 
by f(4;), a function of 4;;, the whole pro- 
cedure of the scaling still holds and, instead 
of Equation 6, f(4;;)é will be obtained as 2;;. 
In this case also the criterion will be met 
since f(5;;) is equal to f(6;;). It is a matter 
of assumption that the observable x is put 
in Equation 1 as proportional to the latent 
variable 5. No empirical verification was 
possible in making this assumption. 

The multidimensional scaling was applied 
to the data of Id and also to the pooled data 
of K, O, and M. The d;;’s of the three Ss 
were pooled as follows. In order to reconcile 
the difference in the Unit 2, the dj;’s of each S 
were plotted against the d,;'s of Id and the 
former were multiplied by a constant so that 
the points plotted were scattered along the 
line passing through the origin with the slope 
of one. By taking the unit of the scale of 
Id as reference, the scales of all Ss were thus 
defined by a common standard. The con- 
verted d;;'s of the three Ss were averaged 
to give the Common Distance Matrix D. 

Multidimensional scaling.—Let i and k be 
alternative subscripts for stimuli (7, 7 = 1, 
2, ..., m) and let b;; be the scalar product 
of the vectors from an origin to Points 7 and j 
in a real Euclidean space of r dimensions. 
As suggested by Torgerson (1952, 1958), it 
is convenient to place the origin at the cen- 
troid of all of the stimuli. Let the scalar 
product thus defined be denoted by 6%;;, 
then 6*;; can be derived from Matrix D by 
the formulae given by Torgerson. Once 
Matrix B*, whose elements are 5*;;, is ob- 
tained, it becomes possible to determine the 
dimensionality of the space and to obtain 
@iy, the projections of points on an arbitrary 
set of orthogonal coordinate axes, because B* 
can be written as follows: 

B* = AA’ [7] 
where A = (ajp) and p = 1, 2,..., 7. A’ 
is the transposition of A. It is important 
to note that Equation 7 does not hold unless 
B* is positive semidefinite, that means, r 
latent roots of B* have relatively large posi- 
tive values and the remaining roote vanish 
except for errors. In other word., the colors 
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will be considered as lying in a real Euclidean 
space of r dimensions if B* is shown to be of 
rank r and to have no large negative latent 
root. 

Two B*s were constructed for Id and for 
K, O, and M. In accordance with Equation 
7, B* was factored by the centroid method in 
the case of Id and by the multiple-group 
method (Harman, 1954) in the other case. 
Three factors were extracted in both cases. 
For the following reasons, however, the third 
factor could be discarded and we could con- 
clude that B* was of rank two, except for 
variable errors, for Id as well as for K, O, 
and M: (a) The second factor residuals all 
seemed sufficiently small; (6) The contribu- 
tion of the additional factor was relatively 
small. The ratio D,a*;;/Z,a*;,; was .13 for Id 
and .17 for K, O, and M. (c) The criterion 
for B* to be of rank two is given by Torgerson 
as follows: 


Za (b*;;)? =(z a?;,)? + ( p 2 a?;2)? 
ij é ‘ 

+ 2( Zana.)? [8] 

‘ 

In the case of Id, 81.18 K 10’ was obtained 
for the left-hand term and 76.70 X 10’ for 
the right. The coincidence seems close 
enough to discard the third factor, though 
it is a little worse than the coincidence in 
Torgerson’s experiment (1958). The ratio 
between the left- and the right-hand members 
of the equation was 1 to .944 in the former 
and 1 to .981 in the latter. For the data of 
K, O, and M, the criterion would be inappro- 
priate because of the method of factoring. 
In order to apply the criterion, it is desirable 
that the a;,’s in the equation be the results 
of the method of principal axes or, at least, 
of the centroid method. (d) No particular 
relationship was found between a;; and the 
fluctuation of the stimuli in Munsell value. 


RESULTS AND DISCUSSION 


The configurations given by As are 
shown in Fig. 2 and Fig. 3 where the 


coordinate axes are omitted. Instead, 
radius vectors are drawn so as to run 
through colors of the same hue and 
a series of curves is also formed for 
chroma. Since the scale units have 
been equated as stated before, the 
two configurations can be directly 
compared with each other. 

It is interesting to observe that 
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Fic. 2. Two-dimensional mapping of colors 
for Subject Id. Equichroma curves and 
radius vectors representing hue are formed 
in accordance with the configuration ob- 
tained. 


the colors of the same Munsell hue 
appear along the line segments in 
the order corresponding to their 


chroma and, besides, all line segments 


converge into a single point. Further- 
more, the pairs of the complementary 


Ss;K,0,&M 


Fic. 3. Two-dimensional mapping of colors 
for Ss K, O, and M. Equichroma curves and 
radius vectors representing hue are formed 
in accordance with the configuration ob- 
tained. 


hues are identified by the radius 
vectors lying more or less in the 
opposite direction to each other. 
Except for B and PB in Fig. 3, the 
order of hue is exactly what is ex- 
pected. As to the spacing, however, 
the disagreement with the Munsell 
notation is conspicuous. Neverthe- 
less, the patterns in Fig. 2 and Fig. 3 
coincide closely with each other in 
the interval from one hue to the next. 
The exceptions are the position of G 
between GY and BG, and the posi- 
tions of PB and B between BG and 
P. Comparison with Fig. 1 shows 
that the two spacings of hue obtained 
deviate more or less in the same way 
from the Munsell notation. For 
example, the interval between R and 
YR and also that between YR and 
Y are too large and the interval be- 
tween B and PB is too small in the 
results of this study. 

The equichroma curves in Fig. 2 
and 3 were drawn so that, though 
the interval between the neighboring 
curves may differ from hue to hue, the 
interval on the same hue should be 
the same irrespective of chroma. If 
the series of curves in Fig. 2 and 3 
are superimposed directly on each 
other, they are in good agreement 
in the region from RP through Y to 
BG. On the contrary, in the region 
of B and P the disagreement is marked. 
The disagreement, however, is ap- 
parently due to the discrepancy in 
spacing of B and PB. There is no 
difference between Fig. 2 and 3 of the 
interval from one equichroma curve 
to the next along each of these hues. 
It might be well to consider whether 
a set of concentric equichroma circles, 
as defined in the Munsell notation, 
can also be fitted to the data. Except- 
ing the region around RP, the fitting 
was not entirely impossible and a 
plot of the chroma of the colors thus 
defined with the Munsell chroma of 
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Id 
* K,0.&M 
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4 Rxcies 10 

MUNSELL CHROMA 

Fic. 4. Munsell chroma with 

defined in terms of concentric equichroma 

circles fitted to the configurations in Fig. 2 
and 3. 





CHROMA OBTAINED(CONCENTRIC CIRCLES) 


chroma 


the stimuli is given in Fig. 4. The 
root mean square of the discrepancies 
between the two kinds of chroma 
was 1.24. If the restriction that 


equal intervals in Munsell chroma 


should correspond to equal linear 
extents irrespective of hue is with- 
drawn, obviously the goodness of fit 
improves. When the chroma in 
terms of the equichroma curves in 
Fig. 2 and 3 was taken as the ordi- 
nate, the scatter of the points was so 
reduced that the root mean square of 
the discrepancies decreased to 7.6. 


Setting aside the question as to the 
adequacy of the spacing of the Munsell 
colors, it is satisfactory to observe that 
the colors varying in hue and chroma 
were fitted by the configuration in two- 
dimensional Euclidean space. If uni- 
formity of the scale in the large is taken 
into consideration, among the basic 
postulates of the Munsell system the 
most questionable one will be that, of 
the polar coordinate in a Euclidean plane 
of constant lightness, hue is represented 
by the magnitude of the argument and 
chroma by the length of the radius 
vector. In order that the model may 
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hold good, the difference perceived 
between two colors not of the same hue, 
say a and b, has to vary in a certain 
manner, if the chroma of each color is 
changed. Denoting by @ the difference 
between the two arguments correspond- 
ing to Hues a and b and by p, and p> the 
lengths of the two radius vectors repre- 
senting the chromas of the pair of colors, 
the difference will be proportional to the 
distance 
Vp:? + p? — 2pip2cos6@ = A 

Let us consider, then, a pair of colors 
which are of Hues a and b respectively, 
but the chroma of each color is n times 
in magnitude that of the corresponding 
member of the former pair. By defini- 
tion, the difference between the latter 
pair has to be proportional to the 
distance 


Vn'p;? + n%p2* — 2n*pip2cos@ = nA 
That means, the difference between a 
pair of colors has to increase n times if 
both of the chromas of the members 
are increased nm times. Otherwise, the 
model will not hold good. 

It must be remembered that the con- 
figuration under discussion is more than 
a mere schema, because the points are 
located in such a way that the distances 
between all pairs of the points are pro- 
portional to the observed differences 
between the corresponding colors, no 
matter how large or small the differences 
are. Let s;; denote the distance between 
the Points ¢ and j in the multidimen- 
sional configuration. When the agree- 
ment between s;;, i.e., the difference in 
theory, and d;;, i.e., the observed differ- 
ence scaled, was shown in terms of the 
correlation coefficient, r was .96 for Id. 
The multidimensional mapping for K, 
O, and M in Fig. 3 was made from the 
pooled data. Nevertheless, using s;; de- 
termined from Fig. 3, r was .84 for K, 
.88 for O, and .85 for M. No qualitative 
individual differences could be observed 
among Ss. However, the correlation 
coefficient will not be sufficient to tell 
the exact relationship existing between 
s;; and d,;. In the case of K, O, and M, 
as expected, the points plotted 
scattered along the 


were 


line passing the 
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Fic. 5. Relation of theoretical sense- 
distances to scaled differences between all 
possible pairs of the colors. A third of all 
the pairs drawn randomly are plotted. Re- 
sult for Subject Id. Theoretical sense- 
distance is taken from Fig. 2. 


origin with the slope of one. As shown 
in Fig. 5 the regression of d;; on s;; is 
slightly curved, in the case of Id. The 
tendency that d;; < s;; is predominant 
where s;; < 50. It was mentioned pre- 


viously that the distance x;;;;, may not 
be proportional to the perceived differ- 


ence 6;; between Colorsi andj. Instead, 
it may be proportional to a function of 
6;;. The phenomenon observed in Fig. 5 
may be ascribed partially to the non- 
proportionality, if any, existing between 
the observable x and the latent variable 


é. 
SUMMARY 


The difference perceived between the 
standard color and each of 21 colors was 
converted into spatial distance by moving 
the latter one by one. As each of the 21 
colors took the place of the standard, a matrix 
was obtained whose elements were the ratio 
scales of the differences between all possible 
pairs of the 21 colors. The adjustment was 
made with respect to the difference, if any, 
in the unit of converting, from trial to trial 
and from S to S. Then, the method of 
multidimensional scaling was applied to the 
matrix. The colors varied in hue and satura- 
tion over the widest possible range but were 
kept constant in lightness at 5 in Munsell 


value. Four Ss participated and the data 
of the individual S (Id) and the pooled data 
of the remaining Ss (K, O, and M) were 
analyzed separately. In both cases, the two- 
dimensional configuration obtained in a 
Euclidean space reproduced with high fidelity 
the structure inherent in the color differences 
perceived by each S. The colors of the same 
Munsell hue appeared along a line segment 
in the order corresponding to their chroma, 
and all line segments converged into a single 
point at the center. With one exception 
(PB in K, O, and M), the order of hue was 
exactly as expected. Hence, it may be 
concluded that one of the basic postulates 
of the Munsell system was experimentally 
confirmed even when color differences in the 
large were taken into consideration. As to 
the spacing of colors, however, the disagree- 
ment with the Munsell notation was observed, 
especially with respect to hue. 
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Evidence in support of the basic 
postulates of the psychological color 
solid has been accumulated by the 
application of the multidimensional 
scaling. Torgerson (1958), Messick 
(1954), and Indow and Shiose (1956) 
showed that Munsell colors of the 
same hue (5R) could be fitted by a 
configuration in a two-dimensional 
Euclidean space, and that the or- 
thogonal coordinates were identified 
as representing Munsell value (light- 
ness) and chroma (saturation) re- 
spectively. Besides, the two-dimen- 
sional mapping of colors of constant 
lightness (Value 5) gave the following 
results (Indow & Uchizono, 1960). 
The colors lay in a Euclidean plane 
and each hue was represented by one 
of the radius vectors which converged 
into a single point corresponding to 
gray. Around this point, it was 
possible to define the series of equi- 
chroma curves. The hypothesis un- 
derlying the construction of an ideal 
color solid, e.g., the Munsell system, 
would be that equal sense distances 
shall correspond to equal linear ex- 
tents in a Euclidean space, no matter 
how large or small the magnitude of 
the sense distances may be (Balinkin, 
1939; Newhall, 1939). Since the 
multidimensional mapping is carried 

1 This research was supported by a grant 
from Ministry of Education, Japan. The 
investigators are indebted to S. Ura. Under 
his supervision a part of the computations 
involved in this research was carried out by 
the electronic automatic computor in Japan 
Electronic Industry Development Associa- 
tion. Appreciation is also expressed to M. 
Matthewson for her helpful advice concerning 


English. Thanks are due to T. Uchizono for 
her help in the preparation of this report. 


out on the basis of sense distances 
between every possible pair of colors 
employed, the findings mentioned 
above seem to provide experimental 
evidence in support of at least the 
fundamental hypothesis. As a matter 
of course, there are minor discrepan- 
cies between the results of the experi- 
ments and the Munsell spacing of 
color. The discrepancies will, how- 
ever, be removed by adjusting the 
locations of the Munsell samples, if 
necessary. On the contrary, if the 
hypothesis were shown untenable, 
the color solid could not be more than 
a mere schematic representation. 

In the previous experiments, the 
variation among colors has been more 
or less restricted. Colors have been 
used which differ from each other 
in only two attributes. Shiose (1958) 
made an experiment with the colors 
differing in value, chroma, and hue. 
However, the hue ranged only from 
6R to 6YR. Messick (1956) recon- 
sidered the results of his experiment 
taking into consideration slight hue 
variation of the colors used (roughly 
from 2R to 5.5R), and found that the 
variation could be accounted for by 
the addition of the third dimension. 
In the present experiment, the tri- 
dimensional mapping of colors over a 
considerable range was attempted. 
So far, no qualitative individual dif- 
ference has been found in the multi- 
dimensional configuration constructed 
separately for each S (Indow & 
Shiose, 1956; Indow & Uchizono, 
1960). Hence, the multidimensional 
scaling was applied to the pooled 
data of 4 Ss participating in the 
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present study to give a common 


configuration. 


METHOD 


Apparatus and stimuli.—The viewing condi- 
tions and the manner of presenting the stimuli 
on a gray board were exactly the same as 
those in the previous experiment (Indow & 
Uchizono, 1960). The instructions given to S 
were also the same; namely, the perceived 
difference between a standard Color i and 
each of the Colors j (j = 1, 2, . . ., 24) was 
to be converted into spatial distance by the 
method of multiple ratio judgment.  Tri- 
stimulus values for the 24 colors under the 
given illumination were calculated from the 
spectral reflectances of the colored papers 
and the spectral energy distribution of the 
light source. Then, their equivalents in the 
recommended Munsell notation are obtained. 
The colors were of two levels in lightness. 
The brighter ones were from 4.3 to 4.9 and 
the darker ones were from 6.4 to 7.3 in terms 
of Munsell value. For convenience, the 
former will be called the stimuli of Value 5 
and the latter the ones of Value 7 in the 
figures. A plot of the stimuli according to the 
hue and chroma appears in Fig. 1 where 
arbitrary radius vectors are given only for 
the sake of convenience. In other words, the 
hue names in the figure do not necessarily 
mean the corresponding principal hues in 
the Munsell notation. 


Fic. 1. Color stimuli in terms of Munsell 
hue and chroma. Concentric circles denote 
Chroma 2, 4, 6, and 8 respectively. Radius 
vectors are only for the sake of facilitating 
identification of colors. 


15 
} 0) 
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5 . fi + 
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d : SCALED SENSE DISTANCE 

Fic. 2. SDs of scaled distances for four 
Ss (X) and SDs of three repeated judgments 
for Subject Id (©) and for T (@) as functions 
of magnitude of the sense distance scaled. 


Subjects.—All Ss were normal in color 
vision. Id and Sh were investigators of the 
previous study (Indow & Shiose, 1956), while 
T and Si were students of Keio University 
who had neither experience in an experiment 
of this kind nor special knowledge of the 
Munsell system. Each S made three repeti- 
tions on each pair of Colors i and j. 

Scaling procedure of sense distances.—As 
to the three spatial distances made by each 
S on the board to represent the perceived 
difference between the pair of Colors i and j, 
the average was obtained. To the set of the 
averages the scaling procedure was applied 
that was described in detail in the previous 
article (Indow & Uchizono, 1960). Thus, 
the sense distances were scaled once separately 
for each S to give d’i;(2) where the subscript 
a denotes S. The next step was to equate é,, 
the unit of the scale which may differ from 
Sto S. Taking the unit of the scale of Id 
as standard, each of the remaining e,’s was 
multiplied by a constant so that a plot of the 
adjusted dijjq) against dijaa) was scattered 
along the line passing the origin with the 
slope of one. The scaled values expressed 
in terms of the common Unit erg were then 
averaged. The averages, d;;’s, constituted a 
Common Distance Matrix D for the four Ss. 
The multidimensional scaling procedures were 
applied to D. 

The SDs of the four values combined, i.e., 
dija)'s and dijqaa), are plotted as a function 
of the magnitude of d;; in Fig. 2. For the 
sake of comparison, the SDs of the three 
repeated judgments made by Id and also 
by T are shown in the same figure. The 
heterogeneity among Ss was of the same 
magnitude as the fluctuations within the 
repeated responses of an individual S. It is 
interesting to observe that the errors are 
minimum at the lowest and at the highest 
values in the case of the individual data. 
This is the pattern that is often encountered 
in psychological tests (Mollenkopf, 1949). 

Multidimensional scaling.—From Distance 
Matrix D, Matrix B* was obtained which 
consists of b*;;, the scalar product of the vec- 





TAROW INDOW AND KEI KANAZAWA 


19¢ 13 5) 023 
| gl Se* 

2008*24 

*|6,0°18 

| 129917 





5 6 7 
MUNSELL VALUE 


Fic. 3. Munsell value with projection of the 


points on third axis which is supposed to 
represent lightness of color. 


tors to Points i and j from the centroid of the 
24 stimuli used. Matrix B* was then factored 
to give Matrix A, by means of obtaining the 
latent vectors and the latent roots of B*. All 
the computations were carried out by the 
electronic automatic computor. Matrix A 
gave a mapping of the 24 colors in a Euclidean 
space of three dimensions. Matrix B* was 
warranted of rank 3, since the third factor 
residuals were sufficiently small and the 
criterion given by Torgerson: 
>» p> (b*;;)? = >> (z= a’;,)? + 2 z= (z= QipQig)? 
. 7 Pp ' Pa 

was met when p was 3. The right- and left- 
hand members of the equation were 11.03 x 108 
and 10.77X108, respectively. The ratio be- 
tween the two is 1 to .976, whereas that in the 
study of Torgerson (1958) was 1 to .981. It 
was discovered that the fit to the Munsell 
notation became better when the coordinate 
axes were rotated. The projections of the 
points on each of the three orthogonal axes 
after the rotation are used as aj,'s. As will 
be shown later, the first and second axes 
determine the plane of constant lightness, 
while the third corresponds to Munsell value. 


RESULTS AND DISCUSSION 


A plot of ai3's with the Munsell 
value of the stimuli is shown in Fig. 3. 
The separation of the two levels of 
lightness is perfect and, besides, the 
fluctuations in the Munsell value 
within each level is also somewhat 
reflected in the results, because the 
scatter within the level gives a cor- 
relation coefficient of .51 in the darker 
level and .40 in the brighter level. 

The configuration in terms of hue 
and chroma is given in Fig. 4. The 
colors of the two lightness levels are 


plotted together. Radius vectors 
running through colors of the same 
hue are drawn and a series of curves 
is also formed for chroma on the same 
principle as in the previous study 
(Indow & Uchizono, 1960). The 
results are substantially in agreement 
with the results of the previous 
experiment. It is interesting that 
the configurations, in the brighter and 
darker levels, could be projected into 
a single plane without contradiction. 
For instance, YR in the brighter level 
comes between R and Y in the darker 
level, and Colors 15, 16, and 18 of 
the brighter level form a _ radius 
vector with 5 and 6 of the darker 
level in accordance with the definition 
of stimuli in Fig. 1. 


In the previous study (Indow & 
Uchizono, 1960), two 2-dimensional con- 
figurations of a constant lightness were 
constituted, for individual data of Id and 
for the pooled data of K, O, and M, 
and no remarkable qualitative difference 
was found between the two. Hence, if 
the two configurations are combined into 
one, comparison between the results of 
the previous and present studies will be 


RP 





Fic. 4. Two-dimensional mapping of colors 
in terms of hue and chroma. Equichroma 
curves and radius vectors representing hue 
are formed in accordance with the configura- 
tion obtained. 
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facilitated. Combining two configura- 
tions is possible by the method of least 
squares. 

Let us suppose that two configurations 
are given, both of which are represented 
in polar coordinates, as (pii;, 0) and 
(p2i, 82;), where p denotes a radius vector 
and @ an argument with reference to an 
arbitrary axis. Then, the problems are 
to find the angle which the two reference 
axes should form, in order to give the 
closest agreement between the configura- 
tions, and also to find the coefficient + 
which should adjust the difference, if any, 
between the units of two scales. De- 
noting by a the angle between the 
reference axes of two coordinates, and 
by a; the distance between a Point tin a 
configuration and its corresponding point 
in another, then 


a2 = pi2 + p22 

— 2rpiipx cos (62; — 6::) [1] 
where 6’; represents the argument of a 
Point « in the second configuration 
expressed in terms of the first polar 
coordinate, i.e., 


O's, = 0% +a 
and the unit of the second is equated 


to that of the first. 
Defining 


A = D> pip: cos (02; — 1:) 


B = D> piipxi sin (02: — 81;) 


the quantity which is to be minimized is 
given by 


Q=> a2?=> pitt zd p22 
[2] 


Differentiating Equation 2 with respect 
to a, we have 
dQ _ 
0a 
The minimizing value 4 is found by 
equating Equation 3 to zero. Sim- 
plifying the result gives 


— 2x(A cosa — B sina) 


2x(A sina+ Bcosa) [3] 


@ = tan"! , [4] 


4 
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Differentiating Equation 2 with respect 
to 7, we have 


=29r > px*?—2(Acosa—Bsina) [5] 
The minimizing value # is found by 
equating Equation 5 to zero. By using 
Equation 4, we have 


A 


1 
® = =— (Acos&é— Bsinad) [6] 
> pri ; 


The two-dimensional configuration of 
K, O, and M (Indow & Uchizono, 1960) 
was superimposed upon that of Id 
(Indow & Uchizono, 1960) in this way 
(# = .94, & = 3° 30’, taking R as the 
reference axis). Taking the middle 
point of a;, the combined configuration 
of the colors was developed, which is 
shown in Fig. 5 where the numbering 
of the colors is to be understood as de- 
fined in Fig. 1 in Indow and Uchizono 
(1960). Radius vectors and a series of 
equichroma curves are formed on the 
same principles as before. Comparison 
with Fig. 4 shows that agreement be- 


tween the results of the two experi- 


VALUE 5 
RP 


Fic. 5. Two configurations obtained by 
Indow and Uchizono (1960) are combined into 
one in order to be compared with Fig. 4. 
Number of colors corresponds to that given 
in Fig. 1 of Indow and Uchizono. Equichroma 
curves and radius vectors representing hue 
are formed in accordance with the configura- 
tion shown here. 
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ments is satisfactory, except for the 
definition of chroma in the region of 
RP and the spacings of P and RP. As 
a matter of course, Fig. 5 can be super- 
imposed upon Fig. 4 by the method 
described above. In so doing, it may 
be appropriate to take as references 
the points of intersection of the equi- 
chroma curves with the radius vectors 
used in common in both investigations. 
Taking R as the reference axis, it was 
found that the closest fit was obtained 
by # = 1.02 and @ = —2° 52’. Should 
loci of constant hue and constant chroma 
be defined as averages of the results of 
the two experiments, the equichroma 
curves do not deviate so much from 
the concentric circles, and the loci of 
constant hue are substantially in agree- 
ment with the Munsell spacings except 
for PB. Radius Vector PB appeared 
too close to B in both of the two ex- 
periments. It is the impression of the 


investigators that, looking at the Mun- 
sell Book of Color (Pocket Edition), 
people seem unanimous in pointing out 
that the size of the step from one sheet 
of constant hue to the next is relatively 


small in the region from B to PB. 

Let s;; denote the distance between 
the points 7 and j in the three-dimen- 
sional configuration of the present study. 
When the agreement between s;;, the 
color difference in theory, and the 
adjusted djja), the scaled sense distance 
for the subject a, is shown in terms of 
the correlation coefficient, r was .94 for 
Id, .90 for Sh, .94 for T, and .95 for Si. 
Obviously the multidimensional con- 
figuration of the colors reproduces with 
fidelity the structure inherent in the 
color differences perceived by each S. 
Nevertheless, it was discovered that 
the regression of dijja) upon s;; is slightly 
curved. While the curvilinear relation- 
ship was observed only in Id among Ss 
participating in the previous experiment 
(Indow & Uchizono, 1960), it was con- 
spicuous in all of the four Ss in the 
present experiment. The relationship 
observed in Id in this experiment was 
exactly the same as that in the previous 
one. In Fig. 6is given a typical example 
of the relationship observed in the 
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S : SENSE DISTANCE IN THEORY 
Fic. 6. Relation of theoretical sense 
distances to scaled differences between all 
possible pairs of the colors. A third of all 
the pairs drawn randomly are plotted. Result 
for Subject Si. Theoretical sense distance 
is taken from Fig. 3 and 4. 


remaining Ss that seems to be more or 
less parabolic in all the cases. The 
empirical equation in Fig. 6 was fitted 
by inspection. The phenomenon seems 
to be a subject eminently worthy of 
theoretical study. 

When the chroma of the colors defined 
in terms of the equichroma curves in 
Fig. 4 was plotted against the chroma 
in the Munsell notation of the stimuli, 
it became apparent that the fit was not 
satisfactory. The root mean square of 
the discrepancies was .97 and this was 
not so large compared with .76 in the 
previous study. Nevertheless, the tend- 
ency was apparent that the points sys- 
tematically deviated above the line 
in the region of the lowerchroma. Hence, 
the size of the step from Chroma 0 to 2 
was defined differently from the size of 
the other steps along the same vector 
that was kept constant. The equichroma 
curves thus defined are given in Fig. 7. 
When the chroma in terms of these 
curves was plotted against the chroma 
in the Munsell notation, the above 
mentioned tendency disappeared and 
the goodness of fit improved as shown 
by the fact that the root mean square 
of the discrepancies was .73. It is to be 
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Fic. 7. Two-dimensional mapping of colors 
where equichroma curves are formed on the 
principle that size of the step from Chroma 
0 to 2 may differ from sizes of the other steps 
which are kept constant in each hue. 


noted that the equichroma curves ap- 
proximate concentric circles on this 
principle. The loci of Chroma 2 were 
irregular in shape. Bellamy and New- 
hall (1942) determined with 
respect to chroma from achromatic 
origin in the five principal hues. The 
limens were given in terms of the Munsell 
scales. No particular relation was found, 
however, between the size of the first 
chroma step in the present experiment 
and that of the stimulus limen of chroma 
in the experiment of Bellamy and New- 
hall. It is most likely that there is a 
causal connection between this phenom- 
enon, i.e., that the first chroma step was 
wider, and the curvilinear relationship 
between sand d. If the multidimensional 
scaling is applied to the absolute inter- 
stimulus distances which are obtained 
by adding a constant to relative inter- 
stimulus distances, the choice of a par- 
ticular value of the additive constant 
will affect in theory the subsequent 
multidimensional mapping of the stimuli. 
Messick and Abelson (1956) showed that, 
if the additive constant is overestimated 
in a two-dimensional mapping, the con- 
figuration of stimuli becomes larger and 
“convex,” and if underestimated, the 
configuration becomes smaller and ‘“‘con- 


limens 
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cave.” It is true that, in the present 
study, the color differences have been 
obtained on a ratio scale from the 
beginning to make the estimation of the 
additive constant unnecessary, and that 
no curvature was discovered in the planes 
of constant lightness when aj; was 
plotted against aj, or a@i2, We have no 
hypothesis at present to account for the 
problem under discussion. Certainly 
it awaits further inquiry. 

In the Munsell system, the relative 
size of the units of the three attributes 
has been in dispute. For instance, 
Nickerson and Stultz (1944) consider 
that 1, 2, and 3 steps in V, C, and H 
respectively are visually equivalent in 
the region of 5C, and 1, 1, and 2 steps 
in the region of 3C, whereas, according 
to Bellamy and Newhall (1942), 1, 8, 
and 22 steps in V, C, and H respectively 
are defined as the same in perception in 
the region of 6C. On the other hand, 
1 step in V is said to correspond to 4 
steps in C by Godlove (1951). In the 
two-dimensional configurations individ- 
ually constructed, Indow and Shiose 
(1951) obtained the following corres- 
pondences between the steps in V and in 
C; 1 to 3.1, 1 to 3.0, and 1 to 2.3 for the 
three Ss respectively. The correspond- 
ence in the present study was 1 to 1.8, 
when the average of the sizes of the one- 
chroma steps in all the hues in Fig. 4 
was compared with the size of the one- 
value step in Fig. 3. From Fig. 3 and 
5, it may also be inferred that the 
correspondence was 1 to 2.0 in the 
average in the experiment by Indow 
and Uchizono (1960). In any case, the 
relative size of chroma step appears 
larger in these two experiments than in 
the previous experiment by Indow and 
Shiose. It is to be noted, however, that 
the colors used in the experiment by 
Indow and Shiose ranged in chroma from 
4 to 12. If the correspondence is deter- 
mined in the present experiment from 
Fig. 3 and 7, that is to say, if the sizes 
of the steps above Chroma 2 only are 
averaged, 1 step in V becomes equivalent 
to 2.7 steps in C, which is in agreement 
with the correspondence obtained in the 
experiment by Indow and Shiose. 
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SUMMARY 


The sense distances between all possible 
pairs of the 24 colors were scaled by the 
method of multiple ratio judgment and by the 
procedures of adjusting the differences, if any, 
in the unit by which Ss converted color 
differences into spatial distances. Then, the 
method of multidimensional scaling was 
applied. As the colors varied in the three 
attributes, the three-dimensional configura- 
tion of the colors was obtained for the pooled 
data of the four Ss participating. The agree- 
ment among Ss was satisfactory in spite of 
the fact that half of the Ss were inexperienced. 
The axis corresponding to the Munsell value 
was orthogonal to the plane of constant 
lightness and the configuration of the colors 
in terms of Munsell hue and chroma was 
substantially in agreement with that ob- 
tained in the previous study. Both deviated 
somewhat in the same way from the Munsell 
notation, especially in the spacing of hue. 
It was pointed out that the equichroma 
curves fit the data better if the size of the 
chroma step from 0 to 2 is allowed to be 
wider than that of the remaining chroma 
steps. The correspondence between the steps 
of Munsell value and of Munsell chroma 
was 1 to 1.8 when the equichroma curves were 
drawn evenly in each hue. It becomes 1 to 


2.7, however, with respect to the chroma 
steps, except for the first ones, if the latter 


are made wider than the former. It was 
discovered that the relation of the distances 
between all possible pairs of the points plotted 
in the three-dimensional configuration to the 
scaled sense distances from which the mapping 
was made was not linear but rather parabolic. 
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RESISTANCE TO EXTINCTION AS A FUNCTION 
OF DEGREE OF REPRODUCTION OF 
TRAINING CONDITIONS! 


MELVIN 


MARX 


University of Missouri 


The present study is one of a series 
designed to test some implications of 
the view that resistance to extinction 
is primarily a function of maintenance 
of the motivation of the animal to 
continue to perform the instrumental 
act, independently of any variation 
of the drive factor manipulated by 
incentive deprivation. In a_previ- 
ously reported experiment (Marx, 
1958), animals extinguished with an 
empty foodcup present on half of 
the trials showed greater resistance 
to extinction than animals run with 


an empty foodcup present on every 


trial, following continuous reward 
during training. 

The particular hypothesis tested 
in this experiment is that resistance 
to extinction is positively related 
to the reproduction of 
training conditions. Hungry animals 
were trained in a runway with three 
distinctive 
which 


were 


degree of 


one of 
contained food. They 
extinguished with only the 
formerly positive, only one of the 
formerly negative, both of the formerly 
negative, or all three of the endboxes 
present. 


endboxes, only 


ever 


1This investigation was supported in 
part by a research grant, M-817, from the 
National Institute of Mental Health, Nat- 
ional Institutes of Health, Bethesda, Mary- 
land. Thanks are due to Donald Morgan, 
who collected the data, and Aaron J. Brown- 
stein, who performed the statistical compu- 
tations and criticized the manuscript. 


METHOD 
Subjects 


The Ss were 36 experimentally naive fe- 
male albino rats, approximately 120 days old 
at the start of the experiment. 


A pparatus 


A simple straight runway was used. It 
had a 1-ft. startbox, a 7-ft. stem, and a 1}-ft. 
endbox (see Marx, 1958, for further details). 
Starting time, running time, and time in the 
endbox were all recorded automatically 
by means of floor switches. Black, white, 
and striped endboxes were used in training; 
a neutral Masonite endbox was used in 
accommodation. 


Experimental Design 


All Ss were given the same accommoda- 
tion and training. White, black, and striped 
endboxes were used in training, but each S 
found food only in one of these. Three Ss 
in each group found food in each of the three 
endboxes. Extinction was run under four 
different endbox conditions (nine Ss per 
group): Group P: formerly positive only; 
Group N: one of the formerly negative end- 
boxes only; Group NN: both of the formerly 
negative endboxes; Group NNP: both of the 
formerly negative endboxes and the formerly 
positive endbox. 


Procedure 


Accommodation.—The Ss were placed on a 
23-hr. food deprivation schedule for five days 
prior to the start of accommodation to the 
apparatus. They were fed Little Friskie 
pellets for 1 hr. per day. 

On the first day of accommodation, S was 
placed in the apparatus with all doors open, 
the neutral insert in the endbox, and no 
foodcup present. It was allowed to explore 
the runway and endbox for 15 min. A food- 
cup with five Little Friskie pellets was 
placed in the endbox and S was permitted 
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to eat these. Then S was removed from the 
apparatus and placed in an_ individual 
detention cage. 

After 1 hr. S was returned to the apparatus 
and placed in the endbox by the foodcup, 
which contained two pellets. It was allowed 
to eat these and was then returned to the 
detention cage. After 40 sec. it was returned 
to the endbox just inside the closed door, at 
the end opposite to the foodcup. After S 
ate the two pellets in the cup, it was returned 
to the detention cage. Five additional trials 
were given at intervals of 40 sec. in the same 
manner as described above except that S was 
placed progressively further away from the 
endbox. The final trial was begun in the 
startbox, with all doors open. Following 
this trial S was placed in the detention cage 
for 5 min., after which it was returned to its 
home cage and fed for 1 hr. On the second 
day of accommodation the essential pro- 
cedure of the first day was repeated, except 
for the initial 15-min. period and except that 
two trials were run from each starting position 
(to a total of 14 trials). 

Training.—The Ss were started in squads 
of four. They were given 12 training trials 
per day for 6 days. Each endbox was used 
four times, on a random schedule, in every set 
of 12 trials. Two pellets (weighing approxi- 
mately .10 gm.) were in the foodcup in one of 
the endboxes only. The S was placed in the 
detention cage for 20 sec. between trials. 

On the first training day an initial trial 
from the startbox was given with the neutral 
endbox in place and with all doors open, prior 
to the regular 12 trials with the startdoor 
closed. On each trial S was placed in the 
startbox and the startdoor opened 3 to 5 sec. 
thereafter. If S did not complete the run 
to the endbox within 180 sec., it was gently 
guided down the runway to the endbox floor 
switch. It was allowed 10 sec. in the endbox; 
on rewarded trials, if it had not eaten in that 
time, it was placed by the foodcup and given 
an additional 10 sec. toeat. At the end of the 
12 trials S was placed in the individual de- 
tention cage for 5 min., after which it was 
returned to the home cage. When all four 
Ss in a squad were back in the home cage, 
they were fed for 1 hr. 

Extinction.—The Ss were placed in the four 
groups randomly, within squads. Massed 
extinction trials were given, at an interval 
of 20 sec., to a criterion of two successive 
failures to enter the endbox with a minimum 
of 24 trials. Of the nine Ss in each group, 
three had been run to each type of endbox 
under reward conditions. Group P now 
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found only the formerly positive endbox, 
Group N only one of the formerly negative 
endboxes, Group NN both of the formerly 
negative endboxes (in the same order in which 
they had occurred during training), and Group 
NNP all three endboxes (in the same order 
in which they had occurred during training). 


RESULTS 
Training 


By the sixth day of training essen- 
tially the same nearly asymptotic 
starting and running times had been 
reached by all four groups. In start- 
ing time, for example, all of the group 
medians for the 12 trials were within 
the range of 1.0to 1.1 sec. In running 
time, three of the medians were 1.6 
and one was 1.7 sec. No difference 
among groups was apparent in rate 
of approach to these values. 

Time required to traverse the 18 in. 
between floor switches in the endbox 
is a somewhat more interesting meas- 
ure because it provides a direct 
index of S’s discrimination between 
positive and negative goal conditions. 
Here again the groups reached es- 
sentially similar and nearly asymp- 
totic running times. A clear and 
increasing difference between goal 
times in the positive and negative 
endboxes occurred from the second 
day on. With all 36 animals con- 
sidered, median daily times were as 
follows: for the positive endbox, 7.3, 
4.0, 2.3, 1.6, 1.5, and 1.3 sec; for the 
two negative endboxes, 8.0, 5.5, 5.0, 
4.6, 4.8, and 4.9 sec. On the last 
day of training, each of the 36 Ss 
ran faster in the positive endbox 
than in the negative endboxes. 


Extinction 
Trials to 
resistance to extinction was found 
in the direction predicted. Trials 
to an extinction criterion of two 
successive failures to complete the 


extinction.—Increasing 
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TABLE 1 


MEAN NUMBER OF TRIALS TO REACH GOAL 
Time CRITERION 1 (First 10-sEc. SCORE) 
AND GOAL TIME CRITERION 2 (Two 
SUCCESSIVE 10-sEc. SCORES, WITH 
CRITERION 1 SCORES 

EXCLUDED) 








running response within 90 sec. gave 
the following mean values: Group P, 
45.7; Group N, 50.7; Group NN, 
60.3; and Group NNP, 94.3. This 
difference among groups was highly 
reliable (F = 12.11, P < .001 for 
df 3/32). Direct comparisons of 
pairs of groups indicate that only the 
difference between Group NNP and 
the other groups was reliable (mean 
difference of 20.5 required for P = .05). 

Trials to a less stringent criterion 
of extinction, the first failure to 
respond, gave essentially the same 
group differences but at a somewhat 
lower level of reliability (F = 4.53, 
P < .01, for df 3/32). 

Group comparisons were also made 
for extinction of the running response 
within the goalbox. Two criteria were 
used: (a) number of trials to the first 
10-sec. goal time; and (b) number 
of trials to two successive 10-sec. 
goal times. Here the influence of 
the formerly positive endbox is more 
clearly shown, as would be expected 
on the basis of the discrimination 
evident in training. The mean num- 
bers of trials to meet each criterion 
are shown for the four groups in 
Table 1. Group P required more 
trials than Group N (P < .05) and 
than Groups NN and NNP (P < .10) 
for Criterion 1 and Group NNP 
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reliably more than all other groups 
(P < .05) for Criterion 2. 

A direct comparison of positive end- 
box times with negative endbox times 
within Group NNP gave the following 
results: 8.4 mean trials to the first 
10-sec. trial for the positive, 3.4 for 
the negative; 10.3 additional mean 
trials to two successive 10-sec. trials 
for the positive, 8.8 additional for 
the negative. 

Starting and running times.—The 
increments in starting and running 
times showed the same intergroup 
relations as were found for the trials- 
to-extinction measure.  Interpreta- 
tion of these gross data is somewhat 
difficult, however, because of the 


random admixture of endbox condi- 
tions in Group NN and Group NNP. 


13 


a ee ee eC 


MEAN RUNNING TIME 


wm se Ye 

TRIALS 
Fic. 1. Mean running times following 
presentation of previously positive endbox 


during extinction for Group NNP and com- 
parable trials for Group P. 
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TABLE 2 


ANALYSIS OF VARIANCE ON RUNNING TIME 
FOLLOWING PRESENTATION OF PREVIOUSLY 
POSITIVE ENDBOX DURING EXTINCTION 
FOR Group NNP anp COMPARABLE 
TRIALS FOR Group P*® 


Source 


| 399.03 


Groups | 


Error 


127.19 
56.18 
19.12 


Trials 
GxXT 
Error 


*P < .0S. 

*P < 01. 

* One S in Group P had a criterion trial too early 
to be used in this analysis; to keep Ns equal, one S 
in Group NNP was randomly discarded. If these Ss 
were used, giving the Group P S an arbitrary score, 
differences would be magnified. 


For this reason more analytic run- 
ning-time comparisons are reported. 
The effect of interpolation of nega- 
tive endboxes during extinction may 
be seen in a comparison of the mean 
running time on the trial immediately 


lO; 


MEAN RUNNING TIME 


46 79 
TRIALS 


~ 3 io-I2 13-5 


Fic. 2 Mean running times following 
presentation of previously negative endboxes 
during extinction for Group NNP and com- 
parable trials for Group NN. 
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TABLE 3 


ANALYSIS OF VARIANCE ON RUNNING TIME 


FOLLOWING PRESENTATION OF PREVIOUSLY 
NEGATIVE ENDBOXES DURING Ex- 
TINCTION FOR Group NNP anpb 
COMPARABLE TRIALS FOR 
Group NN 


Source df MS 


936.32 
194.81 


Groups 
Error 


80.73 
64.23 
98.09 


Trials 
is TF 
Error 


oP? <.s. 


following entrance into a formerly 
positive endbox (Group NNP) with 
that on comparable trials where only 
the previously positive endbox 
presented (Group P). These data 
are shown graphically in Fig. 1. The 
clearly superior maintenance of run- 
ning speed in Group NNP was highly 
reliable, as is shown in the statistical 
analysis presented in Table 2. 

The effect of interpolation of a 
positive endbox may be seen in a 
comparison of the mean running time 
on the trial immediately following 
entrance into a formerly negative 
endbox (Group NNP) with that on 
comparable trials where only the two 
formerly negative endboxes are pre- 
sented (Group NN). These data are 
shown in Fig. 2, for pooled blocks of 
three trials, in order to show the 
trends more clearly. Here the group 
difference, but not the Group X Trials 
interaction, was reliable, as shown 
in Table 3. The mean running times 
were 3.25 sec. for Group NNP and 
6.98 sec. for Group NN. 

No reliable differences were found 
in running time between comparable 
trials in Groups N and NN (F<1.00). 
No important effect can be attributed 
to the interpolation of a single 


is 
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formerly negative endbox in the 


absence of any positive endboxes. 


DISCUSSION 


The results of the experiment clearly 
support the prediction that resistance 
to extinction is a function of the degree 
of reproduction of the training conditions. 

These data are consistent with the 
discrimination hypothesis (Bitterman, 
Fedderson, & Tyler, 1953; Elam, Tyler, 
& Bitterman, 1954). However, the 
failure of the simple N condition to 
show reliably greater resistance to ex- 
tinction than the simple P condition 
does not support this interpretation. 
Also, the discrimination hypothesis was 
contraindicated by the results of an 
experiment previously reported (Marx, 
1958). A recent experiment by Brown 
and Bass (1958) may be cited as fail- 
ing to substantiate a discrimination or 
perceptual-change interpretation of ex- 
tinction, while pointing to the importance 
of the variety of stimulus conditions 
as a strong contributor to resistance to 
extinction. 

The most interesting aspect of the 
present data concerns the analytic run- 
ning-time measures shown graphically 
in the figures. The main conclusion 
to be drawn from these comparisons is 
that the positive endbox, when inter- 
polated among the negative endboxes 
on successive trials, is the critical factor 
in the situation. The statistically reli- 
able differences found when Group NNP 
is compared with Group P and Group 
NN are to be contrasted with the un- 
reliable difference found in the com- 
parison of Groups N and NN. The 
importance of the interpolation of nega- 
tive cues in extinction is also indicated 
by the comparison of goal time extinction 
scores for Groups P and NNP (see 
Table 1); Group P ran longer to the 
first, but Group NNP longer to the 
second consecutive, failure to enter 
the endbox. 

According to the present interpreta- 
tion the formerly positive endbox acts 
as a strong motivator when interpola- 
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ted among formerly negative endboxes. 
Apparently the contrast serves to main- 
tain S’s instrumental motivation in the 
same way as the cup—no cup condition 
did in the previous experiment. 
Theoretical interest attaches to the 
fact that the differential effect was 
obtained by “interpolation” of the 
formerly positive endbox, as compared 
with a formerly negative endbox, when 
running speed following presentation 
of comparable negative endboxes was 
measured (Fig. 2). This fact suggests 
that a simple interpretation of these 
over-all differences solely in terms of 
the differential extinction of the sec- 
ondary reinforcing properties of a posi- 
tive cue is inadequate. The effect ap- 
pears to be a more general motivational 
one, since it apparently carries over to 
running responses following negative 
cues, although the interpolated presen- 
tation of the positive cue as the focal 
point of the effect confirms the results 
of the previous experiment (Marx, 1958). 


SUMMARY 


This experiment tested the hypothesis 
that resistance to extinction of an instru- 
mental response is a function of the degree 
of reproduction of training conditions. Four 
groups of 9 rats each were given three distinc- 
tive endbox conditions during training, but 
food was found in only one of these. In 
extinction, one group was run with only the 
formerly positive endbox, a second with only 
one of the formerly negative endboxes, a 
third with both negative endboxes, and a 
fourth with both negative and the positive. 
The results were in accordance with the pre- 
diction, with resistance to extinction among 
groups increasing in the order mentioned 
above. More analytic comparisons of run- 
ning times showed the formerly positive cue 
when interpolated among formerly negative 
cues to be the major factor in the maintenance 
of the running response. The results were 
interpreted as support for the general proposi- 
tion that resistance to extinction is a function 
of the maintenance of instrumental motiva- 
tion. 
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REINFORCEMENT! 
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STEPHANIE S. FUCHS? 


Reed College 


Kendrick (1958) has reported the experi- 
mental validation of a deduction from Hullian 
theory which predicts the extinction of a 
continuously reinforced response. The pres- 
ent study is a replication of his experiment 
with respect to the pre-experimental handling 
of Ss, the 30 trials per day, the criterion of 
extinction, the 20-hr. thirst drive, the 3-cc. 
water reward, and the other details described 
in his article (Kendrick, 1958, p. 314) except 
as follows: Kendrick’s Ss were chosen from 
populations characterized by extremes of 
emotionality; Ss in the present study were 
six male Sprague-Dawley albino rats, 118 
days old at the beginning of the experiment. 
The Ss were run one at a time, in the middle 
of a 9-hr. dark period; Kendrick’s Ss were 
run two at a time, after the first 6 hr. of a 
174-hr. light period? As in the Kendrick 
study, Days 1-3 were training days during 
which Ss explored the alley; Day 4 was the 
first day of testing. 

1 This report is based upon a thesis submitted to the 
Division of Philosophy, Psychology, and Education 
of Reed College, in partial fulfillment of the require- 
ments for the B.A. degree. The author is indebted to 
R. E. Boyle and R. M. Hanson for advice and encour- 
agement during the course of this study. 


2? Now at University of Washington, Seattle. 


*D. C. Kendrick. Personal communication. 1959. 
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No extinction of the running response 
occurred in the present study within 41 days 
of 30 trials per day. In comparison, the 
mean number of days to extinction for 
Kendrick’s Ss was 32 days, and his longest- 
running Ss extinguished on Day 41. Thus 
the Kendrick results were not confirmed. 

Figure 1, showing median running times 
for the group for the testing days, indicates 
that running time was at asymptote for over 
25 days. Latency results were very similar 
and less variable from day to day. Figure 1 
also indicates that running times were very 
consistent on the first few trials of each day 
throughout the testing series, while, in con- 
trast to this, on the last six trials, running 
times were extremely variable and much 
longer. Figure 2, showing intraday variation 
in running time, indicates that running times 
for the last six trials were consistently longer 
than those for the first six. 

The behavior of Ss was recorded for all 
trials; analysis of these data for those trials 
which were longer than 4 sec. indicates that 
Ss are more active during the long later trials 
than during the long trials at the beginning 
of a day. During the early long trials, Ss 
tended to walk slowly down the alley, sniffing 


o—o All 30 trials 
o---0 First 6 trials 
4—-4 Lost 6 trials 
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its floor and sides. This behavior rarely 
occurred at the end of a day’s testing and 
is in marked contrast to the typical behavior 
during long late trials, which included such 
activity as running on the edge of the alley 
and retracing several times in the alley; these 
latter types of behavior almost never occurred 
in the early long trials of a day. 

The increased activity during the long 
later trials of a day when Ss are presumably 
more fatigued precludes an explanation of 
long running times in terms of fatigue of the 
running response. No evidence was found 
for the conditioned inhibition of the running 
behavior, since almost no variability or 
increase appeared in the latencies and running 
times on the first trials of a day, when Ss 
were least fatigued. 


It is possible that extinction would have 
occurred had Ss been run for some longer 
period. Factors which might affect the 
length of time necessary to achieve extinction 
are the strain of Ss, the amount of emotion- 
ality, and possible differences in activity level 
due to the differences in the relationship of 
the time of testing to the light/dark cycle. 
However, in the present study, the analysis 
of Ss’ behavior indicates that increased 
variability in running times is due to increased 
activity, rather than to increased fatigue. 
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